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Annosus root disease (Heterobasidion annosum (Fr.) Bref.) is causing notable conifer

mortality in grand fir habitat types in central Idaho. The most significant mortality is occurring

in Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco.) trees of all age classes. This project

was designed to study some aspects of the general biology of H. annosum in central Idaho.

Study sites were selected on the Elk City and Clearwater Ranger Districts of the Nez Perce

National Forest, Idaho. The specific objectives of the study were: 1) characterize the popula-

tion structure of H. annosum on three sites with grand fir habitat types on the Nez Perce

National Forest, including identifying the intersterility group(s) present; 2) determine if the

relative incidence of the disease on these three sites has significantly increased with clearcut-

ting; and 3) determine if the relative incidence of H. annosum varies between species of trees,

and between sizes of trees and stumps on these three sites. Three pairs of stands in the

grand fir series habitat types were intensively examined during the summers of 1990 and

1991. Each pair consisted of a 10 to 30-year-old clearcut and an adjacent 80+ year old uncut

stand.

Basic stand data were collected from 1/1 25th-hectare (1/50th-acre) plots. These plots

were then rated for root disease severity using the following guidelines: 0= no evidence of



root disease; 1= H. annosum fruiting bodies and/or decay present; and 2= symptomatic

trees present. Plots from each of these ratings were then selected for intensive sampling.

Intensive sampling was done on 1/5Oth-hectare (1/20th-acre) plots. Samples were

collected using three techniques: 1) stumps were sawed to ground level and wood samples

and/or H. annosum fruiting bodies were collected; 2) trees 12.7 cm (5 inches), diameter at

breast height (dbh) or larger, were drilled above two major roots with a gas powered drill and

the resultant chips were collected; and 3) trees less than 12.7 cm (5 inches) (dbh) were

excavated and two roots were collected. All isolations were placed on a selective medium for

H. annosum.

Vegetative compatibility (vc) plate pairings between isolates were used to describe the

vc groups of H. annosum in the study areas. All possible pairings within stands were per-

formed, as well as all possible pairings between adjacent stands. Forty-one vc groups were

identified with this plate pairing method. Thirty-three were unique, represented by single

isolates. The other 20 isolates fit into eight multiple isolate vc groups. Isozymes from seven

enzyme systems were then used to discern differences within multiple isolate vc groups in

order to identify possible clonal groups. Four of the eight multiple isolate vc groups had

identical banding patterns within each vc group, so were considered clones. Two other

multiple isolate vc groups came from the same tree, so were assumed to be clones, although

the isozyme work was incomplete. The last two multiple isolate vc groups were separated by

a great distance, and proved to have different isozyme banding patterns, and were thus

determined to be separate individuals. The largest distance between isolates from the same

clone was approximately 136 meters (446 feet).

The intersterility group(s) of all collected isolates were identified by examining selected

enzyme systems. All isolates belong to the S intersterility group.

The most noteworthy conclusions from the incidence work done in this study are as

follows: clearcutting stands in the grand fir series habitat types without treating stumps

significantly increases the frequency of H. annosum; uncut stands in the grand fir series



habitat types are infected with H. annosum, although at relatively low frequencies; and

Douglas-fir and grand fir (Abies grandis (Dougl.) Lindl.) have very similar disease incidence

rates and are likely very similar in their susceptibilty to infection by H. annosum.

The following additional conclusions have been made: 1) Spore infections are appar-

ently the major means of introduction of annosus root disease into these uncut and clearcut

stands. Vegetative spread is secondary in importance; and 2) H. annosum is rarely the only

root disease present in stands in the grand fir series habitat types in central Idaho. It is often

found in combination with other root pathogens includingArmillaria sp., Phaeo!us schwoinitzii

((Fr.) Pat.), and Perenniporia subacida ((Pk.) Donk).
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POPULATION STRUCTURE AND INCIDENCE OF
HETEROBASIDION ANNOSUM IN GRAND FIR AND DOUGLAS-FIR

ON THE NEZ PERCE NATIONAL FOREST, IDAHO

CHAPTER 1: LITERATURE REVIEW

INTRODUCTION

Annosus root disease, caused by Heterobasidion annosum (Fr.) Bref., has been

discovered causing significant decline and mortality in Douglas-fir (Pseudotsuga menziesii

(Mirb.) Franco.) on the Clearwater, Flathead and Nez Perce National Forests of central Idaho

and western Montana In other areas of the western United States, annosus root disease is

considered only a minor problem in Douglas-fir. Understanding the ecology of H. annosum

in central Idaho will help in making forest management decisions where annosus root disease

is present. The objectives for this study were to describe the population structure of H.

annosum in grand fir habitat types on the Nez Perce National Forest and to determine the

incidence of the disease in six stands in this area.

The Nez Perce National Forest, which encompasses approximately 0.5 million

hectares (over 1.2 million acres), was established in 1908 by Executive Order (Cochrell,

1970). It is part of the Northern Region of the United States Forest Service and is located in

north central Idaho. The forest is delineated by the Salmon River to the south, the Clearwater

National Forest to the north, the Bitterroot Mountains to the east, and the Camas Prairie to

the west.

Topography of the Nez Perce National Forest varies greatly from one section to

another. The central part of the forest consists of gently rolling to moderately steep hills. The

northern part of the forest, as well as the western and the southern boundaries, contain the

major rivers with steep breaklands and steep mountain slopes. The eastern section of the

forest consists of rounded mountain slopes and ridges above 1524 m (5000 feet). Ridges

above 1828 m (6000 feet) have been shaped by alpine glaciation in the past. Overall elevation

ranges from 426 m (1400 feet) to 2560 m (8400 feet) (Green, 1987).
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Habitat types on the forest also vary considerably from dry site ponderosa pine types

to high alpine whitebark pine types (Green, 1987). Green (1987) identified eight major timber

habitat type groups on the Nez Perce National Forest. Grand fir Abies grandis (Dougi. ex

D.Don) Lindi.) is one of the major climax tree species in four of these groups: the dry mixed

coniferous forest; the mixed coniferous forest; the moist mixed coniferous forest; and the cold

mixed coniferous forest.

The Abies grandis series, of which grand fir is the climax species, is associated with

the inland maritime climate. This series grades to the Pseudotsuga menziesii series on drier,

warmer sites and the Abies lasiocarpa (Hook.) Nufl. series on cooler sites. Grand fir is the

climax species, but throughout northern Idaho, frequent underburns maintained an open,

seral-species forest prior to 1900 (Arno, 1980). The major seral species is Douglas-fir, which

has slower initial growth than most other seral species. Lodgepole pine (Pinus contorta

Dougi. ex. Loud.) and Engelmann spruce (Picea engelmanni Parry ex. Engeim.) may domi-

nate on cooler sites, and ponderosa pine (Pinus ponderosa Dougl. ex. Laws.) on warmer

sites. Grand fir also recolonizes after a disturbance, but its slower establishment and growth

usually restricts it to a canopy layer under the major seral species (Cooper et al., 1991).

The forests in central Idaho, as well as forests in other areas of the Intermountain

region, are different from the forests that existed prior to the colonization of the west. This

change has been greatly influenced by timber harvesting and fire suppression. Logging, as

an industry, is relatively new on the Nez Perce National Forest. Mining was the impetus for

settling the area back in the early 1860's. Timber was harvested for building homes for these

early settlers and for use in the mining industry. Timber harvesting did not become a major

industry until around 1944, when Potlatch Forests, Inc. (now known as Potlatch Corporation)

started cutting on the first major timber sale on the Nez Perce National Forest (Cochrell,

1970).

High-grade logging in the Intermountain forests has been very common in the past

(Petersen, 1989; Schmidt, 1989). The biggest and best trees were harvested, which were
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usually the highly valued western white pine (Pinus monticola (Dougl.)), ponderosa pine

(Pinus ponderosa (Laws)), and western larch (Larix occidentalis (Nutt.)). When these trees

were removed, more shade tolerant species, such as Douglas-fir and true firs (Abies sp.) were

left to TMregenerate' the stand (Hagle and Goheen, 1988). These residual trees were often of

poor form and damaged during the logging process.

Fire suppression has also shaped the Intermountain forests of today. Prior to fire

suppression, fires appeared to have occurred at intervals of 25 to 50 years on the drier grand

fir sites. Such a frequency maintained open seral stands of ponderosa pine, Douglas-fir, and

western larch. Fires were less frequent on the cooler, wetter sites (Arno, 1980). Fire exclusion!

suppression over the last 80+ years has allowed the buildup of shade tolerant species, such

as true firs (Arno, 1980). Douglas-fir is considered a seral species, but it is one of the more

shade-tolerant, so it too has increased with fire suppression. Both high-grade logging and

fire suppression!exclusion have greatly increased the Douglas-fir and true fir components of

the lntermountain forests.

Douglas-fir and grand fir are two of the most root disease-susceptible species in the

northwestern United States, and the probability of root disease incidence appears to increase

with increasing amounts of Douglas-fir and grand fir in a stand (Byler et al., 1990; Hadfield

et al., 1986). The increase of Douglas-fir and grand fir in the lntermountain forests from

high-grade logging and fire suppression has thus potentially increased the incidence of

annosus root disease and other root diseases above Unaturalu levels.

Heterobasidion annosum is a serious root and butt rot pathogen in a number of

coniferous species in the western United States and other areas of the northern temperate

zone of the world (Hodges, 1969). Annosus root disease has been incidental on Douglas-fir

in other areas of the western United States, causing only a butt rot, but it was discovered

causing significant decline and mortality in Douglas-fir on the Clearwater, Flathead and Nez

Perce National Forests in the early 1980's. Many tree species are affected in these areas, but
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grand fir and Douglas-fir are the most damaged by annosus root disease (Hagle, 1985; Byler

and Hagle, 1985).

Basic information about annosus root disease is sorely needed in these areas. Under-

standing the ecology of H. annosum in central Idaho will help in making management

decisions where annosus root disease is present. The objectives for this study were to learn

more about the infection biology of the fungus by studying the population structure on the

Nez Perce National Forest, and also to determine the relative incidence of the disease.
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IDENTIFICATION AND GENERAL BIOLOGY OF ANNOSUS ROOT DISEASE

Annosus root disease is a white rot caused by the fungus Heterobasidion annosum,

and attacks many conifer species throughout the western United States (Hodges, 1969).

Symptoms of annosus root disease are similar to a number of other root diseases. Infected

trees may have a faded, chlorotic crown, reduced growth, a stress-induced crop of cones,

resin at the base, resin-soaked and discolored wood, and decay in the roots and butt.

Annosus root disease can be identified by its fruiting bodies, the characteristic decay it

causes (see below), and by isolating H. annosum from the associated decay.

H. annosum sporophores (conks) can be found inside infected, hollowed stumps, just

under the duff layer at the base of infected pines, and also as small button conks on the

outside of infected roots and root collars on all susceptible species. Button conks generally

are found on seedlings and saplings. Annosus conks are perennial, woody to leathery, with

dark brown upper surface and white to cream colored lower surface with very small pores.

Button conks are small, corky mounds of sterile tissue, and are generally cream colored

(Hagle et al., 1987).

H. annosum is an unusual Hymenomycete in that it forms an imperfect or anamorph

stage. This anamorph stage of H. annosum, Spiniger meineckellus ((A. J. Olson) Stalpers),

is a very useful aid in identification. The conidiophores readily form in culture and are easily

identified.

Annosus decay varies, but is generally recognized in its early stage as a stain in the

outer heartwood, which can be readily seen in a cross section of a freshly cut stump. The

advanced decay is often white to yellow in color, stringy to laminate, and may contain white

pockets with black flecks (Schmitt et al., 1984; Hagle et al., 1987). Positive identification of

the decay can be made by culturing and/or incubating the decayed wood and observing the

imperfect stage of the fungus, S. meineckellus.

Heterobasidion annosum causes butt rot and/or tree mortality. In the Intermountain

forests, butt rot is associated with spruce and true firs, and tree mortality usually occurs in
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pines and Douglas-fir (Hagle, 1985; Byler and Hagle, 1985). Infected trees often are attacked

by bark beetles (Byler, 1989; Ferrell and Parmeter, 1989; Hadfield et al., 1986).

Annosus root disease can spread in several ways. H. annosum in a diseased tree can

infect a healthy neighboring tree by ectomycelium growing across root contacts, if the

neighboring tree is a susceptible species. This is referred to as vegetative spread, or sec-

ondary infection. There is also some evidence which indicates that H. annosum may grow for

a very limited distance through the soil as free mycelium (Hodges, 1969; Gibbs, 1967).

H. annosum can also spread by airborne basidiospores and possibly conidia (Hodges,

1969; Hsiang et al., 1989). When spores land on a newly cut stump or fresh basal wound they

may germinate and colonize the wood if conditions are conducive. This is referred to as

primary infection. The evidence indicates that spore infections are usually limited to the tops

of freshly cut stumps in pine species (Otrosina and Cobb, 1989), while fresh basal wounds

are susceptible to infection in other species (Schmitt et al., 1984). There is also limited

evidence to suggest that soilborne spores may directly infect roots (Hodges, 1969; Hendrix

and Kuhlman, 1964). The newly infected stump or tree may then initiate a new disease center

by root-to-root contact.

The main mode of infection, primary or secondary, is of great importance to land

managers in all areas where annosus root disease is found. The main mode of infection can

be described by defining the population structure of H. annosum in a stand. Large 'patches"

of trees infected with genetically identical individuals (i.e. clones) indicate that vegetative

spread of annosus is fairly important in the stand. Small, numerous "patches' of trees infected

with genetically different isolates indicate that spore infections are of greater importance

(Stenlid, 1985).
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POPULATION STRUCTURE OF HETEROBASIDION ANNOSUM

A population is a group of similar individuals (of a species) with a number of features

in common (Ferguson, 1980). Regarding root pathogens, a population generally refers to an

intersterility group.

An intersterility group (ISG) is an intra-species population that is intersterile with other

intra-species populations. ISGs usually have very similar morphological characteristics. An

intersterility group can develop because of geographic isolation (allopatric speciation) or

possibly due to host specialization or some reproductive isolating mechanism other than

geographic isolation (sympatric speciation) (Ferguson, 1980; Burnett, 1983).

There are three recognized intersterility groups (ISGs) or biological species of H.

annosum. The S and P types are the only ones present in North America. The F type has been

found only in the Appennine Mountains of Italy (Korhonen et al., 1988). Hosts for the S and

P ISGs include a wide range of coniferous trees, but the lists of hosts differs for each ISG.

The S type has been found to infect spruces (Picea spp.), true firs, western hemlock (Tsuga

heterophylla (Rafn.) Sarg.), and western red cedar (Thujaplicata D. Don) (Chase and Ullrich,

1990). The P type attacks pines (Pinus spp.), juniper (Juniperus sp.) and incense cedar

(Libocedrus decurrens Torr.) (Chase and Ullrich, 1990). The ISG of the fungus attacking

Douglas-fir has not been previously determined, but has been suggested to be the P type

(Williams, 1989). This host list is by no means all inclusive. Generally, host specificity is

expressed when live trees are attacked, but the fungus is less host specific in saprophytic

behavior. Sporophores found in stumps may be S or P, regardless of the stump species

(Harrington et al., 1989).

The distribution of the F type of Heterobasidion annosum is non-overlapping with other

lSGs, which suggests the intersterility may be due to allopatric speciation (geographic

isolation). The S and P types of H. annosum have overlapping ranges, as do the Douglas-fir

type and cedar type of Phellinus weirii (Murr.) Gilbertson, which suggests sympatric specia-

tion (Angwin and Hansen, 1988). The lSGs of these two pathogens have developed a



specificity for different hosts (Worrall et al., 1983; Harrington et at., 1989; Angwin and Hansen,

1988).

H. annosum is heterothallic, so two individual monokaryons belonging to the same ISG

must have different mating compatibility factors in order to successfully mate and form a

heterokaryon. Mating compatibility in H. annosum is controlled by one incompatibility factor

(unifactorial (=bipolar); designated A) (Chase and Ullrich, 1983). This factor consists of

multiple alleles (Al, A2, A3.....) which must be different for mating to occur (Ullrich, 1977). A

large number of alleles is associated with mating compatibility in H. annosum. Forty mating

type alleles were identified in four pine plantations in Vermont (Chase and Utlrich, 1983).

Mating incompatibility factors appear to regulate the amount of inbreeding and out-

breeding that can occur within an ISG (Chase, 1989). Intersterility genes apparently override

mating compatibility factors (Chase, 1989). If two monokaryons fail to mate, it can be due to

intersterility or mating incompatibility.

Intersterility Group Studies

The lSGs of fungi can be revealed by a number of different methods, including mating

compatibility, interspecific mycelial response, host inoculation, pectic enzyme analysis,

isozyme analysis, and various other methods of looking at the proteins of the fungi. Many of

these techniques were developed to distinguish species and individuals of the root disease-

causing fungi in the genus Armillaria.

The biological species concept has been studied for years in Armillaria. The most

common methods used have been interspecific crosses, which Mallett and others (1989)

refer to as interspecific mycelial response, and mating compatibility (Korhonen, 1 978a;

Mallett et al., 1989; Anderson and Ullrich, 1979). The morphology of the reaction zone in the

interspecific crosses differs from the reactions found in intraspecific crosses. The reaction is

a pigmented demarcation line in interspecific crosses, an unpigmented demarcation line in

intraspecific crosses and no reaction in self-crosses (Mallefl et al., 1989).
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Mating compatibility pairings in Armillaria work best when haploid isolates are used.

The fluffy morphology of the haploid isolates changes when two isolates are compatible,

resulting in a crustose diploid culture. There is a relative reduction in aerial mycelium, which

may be hard to discern in some pairings. Both interspecific crosses and mating compatibility

require two to three weeks after pairing in order to determine the results (Guillaumin et al.,

1991).

Morrison and others (1985) analyzed the isozyme patterns of six Armillaria intersterility

groups. They used isoelectric focusing to increase the resolving power of the results. Factor

analysis of the data separated out three of the groups, but the other three groups were

dispersed among two of the previous groups. The method proved to be useful in identifying

closely related groups, but mating compatibility is a more rapid and reliable method for

determining intersterility groups (Morrison et al., 1985).

Intersterility groups have been demonstrated in P. weirii as well. Angwin and Hansen

(1988) used mating compatibility and protein analysis with SDS polyacrylamide gel elec-

trophoresis to study the population structure of P. weirii. Tests of mating compatibility

between isolates from Douglas-fir and cedar in North America and isolates from various hosts

in Japan were conducted. Nearly complete genetic isolation between all three groups of

isolates was discovered, which supports the hypothesis of biological species or intersterility

groups in P. weiri!. The electrophoretic work also indicated that the Douglas-fir and cedar

isolates fall into two distinct, but closely related groups. The Japanese isolates fall into a third

group, but are not as closely related.

Korhonen (1 978b), in Finland, did the first research on the intersterility groups of H.

annosum. Several methods were used to study the European S and P types, one of which

was mating compatibility. Pairings between S and P homokaryons revealed that in a normal

case, ". ..all matings between stocks belonging to different intersterility groups are incompati-

ble, i.e. no clamps can be found' (Korhonen, 1 978b). Although this was the normal case,

sterility between the fungal types was not complete. Some of the intertype pairings yielded
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clamped 'hybrid' mycelia. When the 'hybrid' mycelia were examined more closely, it was

discovered they produced only P type homokaryotic conidia (Korhonen, 1 978b).

Korhonen's (1 978b) results indicate mating compatibility is a reliable method to distin-

guish between the two intersterility groups, but is time consuming. Mating tests require

multiple pairings for each isolate which need to be grown for two to three weeks (Korhonen,

1 978b). There is also the difficulty of finding clamp connections. They are often rare (Nobles,

1965) and may take a great deal of time to locate. Subculturing from the zone of interaction

between the two isolates is often needed to confirm the presence of clamp connections in

uncertain pairings (Stenlid, 1985; Chase and Ullrich, 1983).

Worrall and others (1983) used California isolates of H. annosum collected from

ponderosa pine and white fir to inoculate seedlings of both hosts. They discovered signifi-

cant differential interaction between isolate groups and host species°. Isolates from the

ponderosa pine were more virulent on ponderosa pine seedlings, while isolates from white

fir were more virulent on white fir seedlings.

Although the seedling inoculation method appears to be useful in distinguishing

between the fungal types, it has some serious drawbacks. Results varied between repeti-

tions, and both fungal types infected and killed both host types (Worrall et.aI., 1983). The

seedling inoculation method appears to be too inconsistent to be used alone in identifying

intersterility groups of H. annosum, and is also very time consuming. The trees have to be

inoculated, grown, and symptoms observed.

Harrington and others (1989) took the above research a step farther. Eighteen isolates

from the original collections of Worrall and others (1983) were tested for mating compatibility

with S and P isolates from Europe. Compatibility of heterokaryon- homokaryon pairings was

determined by the presence or absence of clamp connections in the homokaryon mycolia

(Harrington et al., 1989). The fir isolates were compatible with the European S type, the pine

isolates were compatible with the European P type, and a few of the pine isolates were

compatible with the European S type (Harrington et.al., 1989). This method has the same
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drawbacks as the work done by Korhonen. It is very time consuming, and the possiblity of

not finding the clamp connections may be a limiting factor.

Recent research on H. annosum in Europe (Karlsson and Stenlid, 1991; Johansson,

1988) has revealed differences in pectic enzyme activity in the S and P intersterility groups.

Pectic enzymes are responsible for pectin degradation which results in liquification of the

pectic substances that hold plant cells together and in weakening of cell walls, leading to

tissue maceration (Agrios, 1988). Johansson (1988) compared growth and pectic enzyme

activity of the European S and P ISGs and found highly significant differences between the

two groups. The P group had greater pectic activity, which may be related to the habit of the

P type which grows in the pectin rich cambial zone of pine trees (Karisson and Stenlid, 1991),

while the S type is more typically found in the heartwood of its hosts.

Karlsson and Stenlid (1991), using acrylamide gel electrophesis (Cruickshank and

Wade, 1980), looked at the pectic enzymes of European S, P, and F isolates, North American

S and P isolates, and Australasian isolates. All six groups fell into six distinct zymogram

patterns. Variation was present within each zymogram pattern, which is likely due to individu-

al differences within each intersterility group.

Isozyme analysis has been used to identify intersterility groups of H. annosum isolates

from Oregon and California (Otrosina et al., 1989). Isozymes are different forms of a specific

enzyme, usually detected by electrophoresis and histochemical staining (May and Royse,

1988). The number of isozymes with a specific catalytic activity is usually small, and only a

few bands appear on a gel. Each band corresponds to a different protein, the synthesis of

which is controlled by one, two or several genes (Pasteur et al., 1988).

In one such isozyme study, Otrosina and others (1992) first confirmed the intersterility

group of their H. annosum isolates by pairing them with known S and P tester strains, as in

Korhonen's work (1 978b). They employed four gel buffer systems and stained for eight

enzyme systems. Their results indicate that l band mobilities for several enzyme systems

were highly associated with intersterility genotype (Otrosina et.al., 1989). Malate dehydroge-
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nase (MDH-2) proved to be very useful in differentiating S and P isolates in their data set

(Otrosina et.aI., 1989; 1992). This method is relatively quick, relatively safe, and numerous

isolates can be tested at one time.

Clonal Studies

Root decay fungi often spread from one tree to another by ectomycelium growing

across root contacts. This method of spread produces large individuals of fungi (i.e. clones)

which occupy roots of trees in discreet areas in the forest. If two isolates of a fungus are from

the same clone, they will be vegetatively compatible; the two isolates will grow together with

no identifiable reaction. Vegetative incompatibility preserves the genotype of the individual,

and is defined as the "mutually antagonistic behavior between genetically different mycelia"

(Stenlid, 1965).

Clonal distribution can be studied by observing vegetative incompatibility, which

involves pairing isolates and observing the morphology of the zone of interaction. Adams and

Roth (1967) looked at vegetative incompatibility in Fomes cajanderi. They discovered that the

"dark lines of demarcation which frequently form at the interface of paired colonies constitute

a reliable basis for distinguishing genetically distinct mycelia".

Shaw and Roth (1976) observed similar reactions with Armillaria. Using vegetative

incompatibility, they identified a clone occupying a 600-hectare (1482-acre) area Armillaria

is known to spread from tree to tree by growing across root contacts and also through the

soil via rhizomorphs (Redfern and Filip, 1991). A clone of Armillaria covering such a large area

certainly exemplifies the importance of vegetative spread of this root disease organism.

Vegetative incompatibility does have some serious drawbacks, especially when used

exclusively for identifying clones of a fungal individual. If two individuals are vegetatively

compatible, then they have the same genes for vegetative compatibility (Hansen, 1979; Lewis

and Hansen, 1991; Smith et al., 1992). They may otherwise be genetically distinct. On this

premise, Smith and others (1992) employed the use of restriction fragment length polymor-

phisms (RFLPs) and random amplified polymorphic DNAs (RAPDs) to examine the allelic
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composition at loci that differ in individuals of Armillaria bulbosa (Barla) Kile et Watling. The

results revealed a very large clone of an individual of A. bulbosa covering an area of 15

hectares (37 acres). The fungus has apparently been spreading vegetatively for about 1500

years.

Barrett and Uscuplic (1971) used a combination of vegetative and mating compatibility

to study the population structure of Phaeolus schweinitzii Fr.. They discovered that a geno-

type was restricted to one tree, and the bole of each tree was colonized by only one genotype.

They hypothesized that spore infections took place in the roots. Several spore infections

might occur, but the 'individual' that colonizes the central root first probably reaches the main

stem first and then monopolizes the bole of the tree. These results indicate that primary

infection by spores is the main mode of infection utilized by P. sciiweinhtzii. Vegetative spread

from tree to tree is of minor significance.

Lewis and Hansen (1991) used vegetative compatibility and total protein analysis to

look at the population structure of Inonotus tomentosus (Fr.: Fr.). Results from each method

supported the other. They discovered that small disease centers often consisted of one

genotype, but larger centers usually consisted of several genotypes. These results suggest

that primary infections by spores and secondary infection by vegetative spread both play an

important role in the population structure of I. tomentosus.

Vegetative incompatibility has also been used to study the population structure of H.

annosum. Stenlid (1985) noted two types of reactions in pairings of heterokaryotic isolates

from spruce: a compatible reaction exhibiting a continuous mycelial mat when isolates of the

same genetic origin were paired; and an incompatible reaction showing a zone of reaction

with very little mycelial growth when genetically different isolates were paired. In this study,

Stenlid (1985) identified nine clones of H. annosum within a 60 x 60-meter (197 x 197-feet)

area. Each clone consisted of 1 to 13 trees. These results indicate that both spore infections

and vegetative spread play a major role in the population structure of H. annosum.
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Stenlid (1985) backed up his vegetative incompatibility tests with an analysis of malate

dehydrogenase patterns of his isolates. He discovered significantly different patterns be-

tween the clones, but very similar patterns within the clones.
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INCIDENCE OF HETEROBASIDION ANNOSUM IN MIXED CONIFER FORESTS

In the past, annosus root disease has been thought of as a disease of managed

stands. Incidence of Heterobasidion annosum is known to increase with increasing timber

harvest entries into an area (Goheen and Goheen, 1989; Schmitt et al., 1984; Schmitt et al.,

1991). Intensive sampling of mixed conifer stands in Oregon revealed very large increases

in annosus root disease after multiple entries (Goheen and Goheen, 1989; Schmitt et al.,

1984; Schmitt et al., 1991). On the Ochoco and Fremont National Forests, 0% and 12% of the

unentered stands, respectively, had annosus root disease affecting the true fir. These per-

centages jumped to 33% and 100% in multiple entered stands (Goheen and Goheen, 1989).

This increase is thought to be due to the creation of stumps and basal injuries to the residual

trees, which are infection courts for H. annosum into a stand.

Success of spore infections in stumps may be related to the size of the stump. Small

stumps apparently play a very minor role, if any, in spread of the disease. Schmitt and others

(1984) found that true fir stumps had to be 45.7 cm (18 inches) in diameter or larger before

disease occurred in nearby seedlings and saplings. Mortality occurred within 6 to 12.1 m (20

to 40 feet) of these infected true fir stumps. Filip and others (1992) found no relationship

between true fir stump size and incidence of annosus root disease in the regeneration. This

may have been due to the trees being infected prior to felling, so stump size would be

inconsequential.

Spore infection of stumps is highest shortly after cutting, and usually decreases

significantly with time (Morrison and Johnson, 1978; Shaw, 1981). Morrison and Johnson

(1978) found 82% of the Douglas-fir and 62% of the western hemlock stumps in coastal British

Columbia, Canada infected 6 months after thinning, but only 4% and 9%, respectively, were

still infected 5 years after felling. This may be due to dessication of the stump or competition

from other fungi. Filip and others (1992) speculate that 5 to 10-year-old true fir stumps in

northeastern Oregon dessicate to the point where H. annosum is no longer viable in the

above ground portion of stumps.
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Infection of the stump roots does not necessarily mean the disease will spread to

nearby trees. Slaughter and others (1991) found no evidence of annosus root disease in 11

to 23-year-old trees near annosus-infected true fir stumps. Filip and others (1992) found less

than 1 % of the seedlings and saplings killed by annosus root disease after 5 to 10 years near

grand fir stumps with high inoculum levels of H. annosum. This low level of infection in the

trees regenerating the stand may be due to other organisms colonizing the root systems of

the stumps and thus slowing down the spread of the disease (Filip et al., 1992).

Morrison and Johnson (1978) found active Armillana in the roots of stumps with H.

annosum in the above ground portion. They theorized that Armillana was restricting the

movement of H. annosum into the roots, thereby restricting below ground spread in the stand.

They also infrequently found Perenniporia subacida ((Pk.) Donk) acting in the same manner

asArmillaria. Filip and others (1992; Filip, 1979) found Armillaria on the ends of roots that were

also infected with H. annosum. This presence supports Morrison and Johnson's (1978)

hypothesis of Armillaria inhibiting the spread of annosus root disease.

Incidence and severity of annosus root disease varies considerably by tree species.

Grand fir is the most affected species in Oregon and California (Goheen and Goheen, 1989;

Schmitt et al., 1984; Schmitt et al., 1991). Douglas-fir is infrequently infected and is even

considered tolerant (Filip et al., 1992). H. annosum readily infects Douglas-fir in British

Columbia, Canada, but seems to cause mortality only in trees 12 to 15-years-old and a

non-lethal root and butt rot in older trees (Morrison and Johnson, 1978; Morrison, 1979).

Grand fir and Douglas-fir are the most commonly affected species in western Montana and

northern Idaho; Douglas-fir is often killed rapidly and grand fir often suffers from extensive

butt decay (Hagle, 1985).

H. annosum has been found in all size classes of trees (Schmitt et al., 1984), including

seedlings, saplings, immature, and mature trees (t-lagle, 1985). It is more likely to kill

seedlings and saplings and cause a non-lethal root and butt rot in older/larger trees (Morrison

and Johnson, 1978).
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More and more, H. annosum is being discovered in unmanaged stands where no

stump tops are available for disease entry. Most disease initiation in these areas is thought

to be through basal wounds and possibly direct spore infections of roots (Hodges, 1974).

Filip and others (1992) often found viable H. annosum below ground in cut stumps with other

types of decay above ground. This implies that the stumps were infected with H. annosum

prior to felling, and the stump tops were colonized by other fungi after felling. Old growth

western hemlock in British Columbia, Canada often contains extensive heart rot from H.

annosum (Morrison, 1979). The original entrance by the fungus into these stands could not

have been by stump infections, as no stumps were available.

Future effects from annosus root disease are likely to be more severe than in the past.

The presence of H. annosum in uncut stands coupled with the known increase of the disease

it causes with management activities plus the relative increase of Douglas-fir and grand fir

forest components in the lntermountain region are all likely to increase the overall incidence

of and damage from this important root disease. More knowledge is needed on the ecology

of the fungus in order to better prepare for future management of true fir areas infected with

Heterobasidion annosum.

Chemically treating stumps is one method used to prevent spore germination on

stump surfaces and thus prevent the establishment of primary infections (Hodges, 1969;

Stenlid, 1985). Mixing non-host species with host species may decrease secondary infec-

tions arising from root contacts and root grafts (Stenlid, 1985). This method depends on the

intersterility group(s) present, due to the differential host specificity of the two types. The main

mode of infection within a certain area and the intersterility group(s) present will dictate the

management practices used to control H. annosum in Idaho.

The main objectives for this study were to learn more about the autecology of the

fungus and distribution of the disease. The specific objectives were to characterize the

population structure of Heterobasidion annosum on several sites with grand fir habitat types

on the Nez Perce National Forest, including identifying the intersterility group(s) present; and
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determine the relative incidence of the disease: in clearcut and uncut stands, between tree

species, and between size classes of trees.



CHAPTER 2: POPULATION STRUCTURE AND INCIDENCE OF
HETEROBASIDION ANNOSUM IN GRAND FIR AND DOUGLAS-FIR

ON THE NEZ PERCE NATIONAL FOREST, IDAHO

INTRODUCTION

Root diseases are responsible for at least 18% of annual conifer mortality in the

western United States (Smith, 1984). Incidence of root disease is thought to be increasing

due to a tree species shift brought on by fire suppression, high-grade logging, and white pine

blister rust (Petersen, 1989; Schmidt, 1989; Hagle and Goheen, 1988; Byler et al., 1990). Root

disease susceptible species such as Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco.),

and true firs (Abies spp.) are being favored over the root disease resistant or tolerant species,

such as ponderosa pine (Pinus ponderosa Laws), western larch (Larix occidentalis Nutt.), and

western white pine (Pinus monticola Dougl.) (Arno, 1980; Agee, 1990).

Heterobasidion annosum (Fr.) Bref. (synonym Fomes annosus (Fr.) Cke.) is a serious

root and butt rot pathogen in a number of coniferous species in the western United States

and other areas of the northern temperate zone of the world (Hodges, 1969). Awareness of

annosus root disease in Idaho and other lntermountain states has greatly increased over the

last few years (Hagle, 1985). Many tree species are affected, but "grand fir (Abies grandis

(Dougl.) Lindl.) and Douglas-fir are the most damaged by annosus root rot" (Hagle, 1985).

The increase in Douglas-fir and grand fir in the area will very likely lead to an increase in the

incidence of annosus root disease (Byler et al., 1990). H. annosum is known to be a serious

pathogen on numerous species, but has only recently been recognized as a serious

pathogen of Douglas-fir.

The fungus is known to have three intersterility groups, of which two occur in the

United States (Korhonen, 1978; Korhonen et al., 1988). These two intersterility groups, called

S and P, are very similar in morphology, but very different in their host specificity and their

mode of attack. The S group is known to infect spruces (Picea spp.), true firs, western

hemlock (Tsuga heterophylla (Raf.) Sarg.), and western red cedar (Thu/a plicata D. Don) and

perhaps Douglas-fir. Small roots less than 2 cm (0.8 inches) in diameter are extensively
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colonized, but the fungus is confined to central xylem in larger roots (Hodges, 1969). It usually

causes an extensive butt-rot (Korhonen, 1978; Wallis and Ginns, 1968; Williams, 1985), and

will also cause mortality in all affected species if enough roots are colonized and decayed.

The P group infects pines, juniper (Juniperus sp.) and incense cedar (Libocedrus decurrens

Torr.). It colonizes the cambium of the host tree and often results in rapid death of the host

(Hodges, 1969; Otrosina and Cobb, 1989; Bega and Smith, 1966), but does occasionally also

cause butt rot in living pines (Hodges, 1969).

Heterobasidion annosum is known to infect its hosts in two ways. Primary infection is

by airborne basidiospores (or possibly conidia) landing and germinating on freshly cut

stumps or fresh basal wounds (Hodges, 1969; Hsiang et al., 1989). Secondary infection is

caused by mycelial growth from an infected root to an adjacent root of a susceptible species

via root contact or root grafting (Hodges, 1969).

The main mode of infection, primary or secondary, is of practical importance to land

managers in areas where annosus root disease is found. The main mode of infection can be

deduced by defining the population structure of H. annosum in a stand. Large patches'1 of

trees infected with the same individual (i.e. a clone) indicate that vegetative spread of

annosus is fairly important in the stand. Small, numerous "patchesTM of trees infected with

genetically different isolates indicate that spore infections are common (Stenlid, 1985).

In areas where spore infection of stumps is the principal means of introduction into a

stand, stump treatment is a possible management option. Chemical treatment of stumps

prevents spore germination on stump surfaces and thus prevents the establishment of

primary infections (Hodges, 1969; Stenlid, 1985). Where vegetative spread is the main mode

of infection in a stand, mixing non-host species with host species may decrease secondary

infections arising from root contacts and root grafts (Stenlid, 1985). Effectiveness of this

method depends on the intersterility group(s) present, due to the differential host specificity

of the two groups. The main mode of infection within a certain area and the intersterility
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group(s) present will indicate the management practices useful to control Heterobasidion

annosum in Idaho.

The objectives for this study were: 1) characterize the population structure of Heter-

obasidion annosum on three sites with grand fir habitat types; 2) determine the intersterility

group(s) of Heterobasidion annosum present on these three sites; 3) determine if the inci-

dence of H. annosum on these three sites has significantly increased with clearcutting ; 4)

determine if the incidence of H. annosum varies between species of trees, and between sizes

of trees and stumps on these three sites.
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MATERIALS AND METHODS

Stand/Plot Selection

Three pairs of stands were selected from the Abies grandis series habitat types

(Cooper et al., 1991) on the Nez Perce National Forest in Idaho, U.S.A. (Figure 1). The Abies

grandis series habitat types are very productive with site indexes ranging from moderate to

very high. This series grades to the Pseudotsuga menziesll series on drier, warmer sites and

to the Abies lasiocarpa (Hook.) Nutt. series on cooler sites. Douglas-fir is the major seral

species in most of the habitat types within the Abies grandis series (Cooper et al., 1991).

Four of the stands (A, B, G, and H) are Abies grandis/Clintonia unifiora (Schult.) Kunth.

habitat type, which can occupy all exposures on relatively moist sites from 610 to 1860 meters

(2000 to 6100 feet) in elevation. The other two stands (C and D) are Abies grandis/Asarum

caudatum Lindl. habitat type, which can occupy all terrain from 670 to 1815 meters (2200 to

5950 feet) in elevation. This habitat type is indicative of environments warmer and moister

than the Abies grandis/Clintonia uniflora habitat type (Cooper et al., 1991).

Each pair of stands consisted of a 10 to 30-year-old clearcut stand and an adjacent

80+ year old uncut stand. Clearcut stand A was paired with uncut stand B, clearcut stand

C was paired with uncut stand D, and clearcut stand G was paired with uncut stand H.

Clearcut stand selection was based on: 1) the presence of H. annosum; and 2) Douglas-fir

and grand fir being the major stump and regeneration species. Selection of the adjacent

uncut stands was based on similarity of site characteristics with the paired clearcut stand and

on a similar species mixture to the stumps in the clearcut stand (Table 1). Also, the uncut

stands had no evidence of a harvest entry.

All three clearcuts contain both natural and planted trees. Stand A was harvested in

1964, burned for site preparation and planted in 1966. Planting information was not available,

but it appeared that Douglas-fir and Engelmann spruce were planted. Stand C was harvested

in 1973, burned for site preparation in the fall of 1976 and apparently naturally regenerated.

Then in 1980 and again in 1983 a mix of Engelmann spruce, grand fir, lodgepole pine,

22



23

Figure 1 .--Location of paired stands on the Nez Perce National Forest, Idaho. X's represent

approximate locations of stand pairs.



Table 1 .--Summary of stand characteristics for paired stands on the Nez Perce National Forest, Idaho.

1 Aspect codes are as follows: E=east; SE=southeast; W=west.
2 Habitat type number codes are as follows: 520=Abies grandis/Clintonia uniflora; 51 6=Abies grandis/Asarum caudatum.
3 of origin refers to the year of origin of the oldest age class of trees present in the stand.

Percentages are based on the present component of trees per acre for all trees > =5 inches dbh in the stands of fire origin.
Percentages are based on the stumps >= 5 inches diameter in the stands of clearcut origin.

5 codes are as follows: DF=Douglas-fir; GF= grand fir; ES=Engelmann spruce; WL=western larch;
LP=lodgepole pine; PP=ponderosa pine; SAF=subalpine fir.

Stand Aspect1 Elevation
(meters)

Habitat
type2

Year of
origin3

Type of
Origin

Overstory species4

DF GF ES WL LP PP SAF

A E 1660 520 1966 Clearcut 61% 18% 1% -- -- 6% --

B SE 1660 520 1873 Fire 25% 59% 14% <1% <1% <1% --

C W 1725 516 1976 Clearcut 50% 50% -- -- -- -- --

0 W 1750 516 1902 Fire 42% 53% 2% -- <1% -- 4%

G SE 1560 520 1969 Clearcut 39% 35% -- 26% -- -- --

H SE 1560 520 1826 Fire 44% 40% 15% 2% -. -- --



and Douglas-fir were planted. Stand G was harvested in 1967, burned in 1968, and appar-

ently planted in 1969, and again in 1980. Information on species planted was lacking, but

appeared to be Douglas-fir, ponderosa pine and Engelmann spruce.

The Douglas-fir and grand fir stump and overstory tree components are very similar

for stand pairs C and D, and 0 and H. Stumps 12.7 cm (5 inches) or greater in diameter in

stand C consist of 50% Douglas-fir and 50% grand fir. This is very similar to the overstory

trees, 12.7 cm (5 inches) or greater in dbh, in stand D which consist of 42% Douglas-fir and

53% grand fir (Table 1). The tree component in stand H consists of 44% Douglas-fir and 40%

grand fir which is very similar to the stump component in stand 0 which consists of 39%

Douglas-fir and 35% grand fir (Table 1). Douglas-fir and grand fir components in stand pair

A and B are different, but still seem similar enough for the objectives of this study. The tree

component in stand B consists of 25% Douglas-fir and 59% grand fir, while the stump

component in stand A consists of 61% Douglas-fir and 18% grand fir (Table 1).

The main overstory species in all three uncut stands are Douglas-fir and grand fir, with

Engelmann spruce present, but not as a major component (Table 1). All three uncut stands

had mortality. Stand H has been affected by Douglas-fir bark beetle (Dendroctonus pseudot-

sugae Hopkins), and is beginning to break apart with openings being created throughout the

stand due to the continuing mortality. There is evidence of Armillaria sp. in the stand, as well

as Phaeolus schweinitzii Fr.and H. annosum. Stand B has a few patches of root disease

mortality, but not nearly to the extent of Stand H. There again is evidence of Armillaria sp.,

P. schweinitzii, and H. annosum in the stand. Stand D is younger than the other two uncut

stands, but is still suffering active mortality. The most obvious pathogen in this stand is

Armillaria sp., but H. annosum is also present.

Plot centers were located using a systematic grid design with a random start. The grid

was overlayed onto 1:15,840 aerial photos. Plot centers were located 48 meters (157 feet)

apart on the cardinal directions and 34 meters (112 feet) apart on the diagonals (with the

exception of stand B where all plots were 48 meters (157 feet) apart on the cardinal directions
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with no plots on the diagonals). Plot centers were semi- permanently marked. Stands A, B,

C, D, G and H contain 50, 25, 17, 18, 15 and 20 plots, respectively. The number of plots was

dependent on the size of the stand, with representative samples as the goal.

Basic stand data were collected on 1/1 25th-hectare (1 /50th-acre) fixed plots. These

data include: tree species, diameter, and height; tree class (live, dead, or stump); 10-year

radial growth or 5-year height growth; crown ratio and crown class for live trees; main

damages to the trees and their seventies; forb and shrub species present; slope and aspect;

and habitat type. Stand data were collected in stands A, B, C, and D. Plots were established

in stands G and H, but no basic stand data were collected due to time constraints.

All plots were stratified according to root disease symptoms and signs. Each plot in

all six stands was rated on a 1/5Oth-hectare (1/20th-acre) plot using the following guidelines:

0= no evidence of any type of root disease; 1= H. annosum fruiting bodies and/or decay

present; and 2= any dead and/or symptomatic trees present. Ratings were determined by:

observing aboveground symptoms; searching for conks and/or decay in stumps; and also

by observing any H. annosum-like decay in increment cores taken as part of the stand data

collection procedures.

Nine plots from each stand were then selected for intensive sampling. Three plotsfrom

each stratum were randomly selected where feasible, but this was not possible in most cases

due to insufficient plots in some of the strata (Table 2). This stratification was designed to

ensure that each of the three types of conditions were sampled in each stand and to provide

a means to estimate the incidence of H. annosum in the sampled stands.

Isolate Collection

Trees on intensively sampled plots were selected for H. annosum isolation using the

growth sample tree (GST) selection criteria reported in the Region One Forest Service Timber

Management Data Handbook (USDA, 1985). Seven GST size classes were recognized for

each tree species present on the plot: <7.6 cm (3.0 inches) in diameter at breast height (dbh)

and 13.7 m (4.5 feet) to <39.6 m
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Table 2.--Frequency of three root disease severity classes in six
stands on the Nez Perce National Forest, Idaho.

1 Root disease severity classes are as follows: O=no evidence
of root disease on plot; 1 =H. annosum conks and/or decay
present on plot; 2= dead and/or symptomatic trees present
on plot.
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Stand Total
# of plots

% plots in root disease
severity class'

0 1 2
A 50 54 28 19

B 25 64 28 8

C 17 29 71 0

D 18 55 6 39

G 15 13 67 20

H 20 0 10 90



(13 feet) in height; <7.6 cm (3.0 inches) dbh and >39.6 m (13 feet) in height; 7.6 to 12.6 cm

(3.0 to 4.9 inches) dbh; 12.7 to 22.8 cm (5.0 to 8.9 inches) dbh; 22.9 to 38.0 cm (9.0 to 14.9

inches) dbh; first tree over 38.1 cm (15.0 inches) dbh; and the largest tree over 38.1 cm (15.0

inches) dbh. Stumps were considered live trees for sampling purposes, and their size classes

were grouped according to diameter at stump height. Each 1/5Oth-hectare (1/20th-acre)

circular plot was divided into 4 quadrants: northeast; southeast; southwest; and northwest.

Starting with a magnetic north azimuth and moving in a clockwise direction, the first GST was

selected from the northeast quadrant, the second GST from the southeast quadrant, and so

on until all GST classes present on the plot were sampled, or a maximum of 12 GSTs was

attained. A minimum of six trees or stumps was sampled from each plot, so if necessary,

some GST classes were sampled twice. This method was to ensure complete physical

coverage of the plot and sampling of all species and size classes present while avoiding

sampling every tree on the plot. All collected samples were stem mapped relative to the plot

center.

Samples were collected from the GSTs by one of three techniques: 1) stumps in the

clearcut were sawed to ground level and wood samples and/or H. annosum sporophores

were collected; 2) trees 12.7 cm (5 inches) dbh or larger were drilled above two major roots

on opposing sides of the tree using a gas powered drill. The resultant wood chips were

collected; 3) trees less than 12.7 cm (5 inches) dbh were excavated and two major roots on

opposite sides of the tree were collected.

Filip and others (1992) speculated that above-ground portions of older fir stumps

dessicate to the point where H. annosum is no longer viable. Based on this assumption, we

partially excavated stumps to allow the sawyer to saw the stump off at ground level or just

below. Wood samples were collected from typical H. annosum decay, any questionable

decay, and red or brown stained wood. Any sporophores present in the stump also were

collected for isolations. All samples were immediately placed in plastic bags, labeled, and

stored in a cooler for transport to the lab.
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Drill chips were collected from trees greater than 12.7 cm (5 inches) dbh. Schmitt

(1978) found this method to be quick and effective for isolating H. annosum in western

hemlock trees. Trees were drilled at the base just above two major roots. A piece of bark,

approximately 7.6 cm (3 inches) by 10 cm (4 inches), was peeled away to the cambium and

two holes were drilled to the center of the tree. The chips were collected as they fell into a

sterile re-sealable bag. The bag was immediately pressed shut when drilling was completed

and then stored in a cooler for transport.

Two major roots were collected from trees less than 12.7 cm (5 inches) dbh. Roots

were carefully excavated from the root collar to the end of the root. Roots that broke off during

excavation were followed as far as possible and all pieces were collected. Root samples were

quickly placed in plastic bags, labeled and stored in a cooler for transport to the lab. Samples

from all collection techniques were kept cool until isolations could be made.

A sample of approximately fffteen to twenty-five drilled chips, including decayed,

stained and asymptomatic drilled chips was placed on a selective medium for H. annosum

(Kuhlman and Hendrix, 1962). The volume of chips collected made it infeasible to place all

collected chips onto selective medium. The remaining drill chips were incubated in sterile

petri plates lined with moistened filter paper. Isolations from stump samples and roots were

taken from any stain, decay, lesion, or suspicious areas and placed on the previously

mentioned selective medium for H. annosum. Isolations from sporophores were taken from

the context and also placed on the selective medium.

All isolations were checked weekly for up to six weeks for any signs of H. annosum.

Presence of the imperfect stage of H. annosum, Spiniger meineckellus (A.J. Olson) Stalpers

was confirmed by observing the conidiophore under a dissecting microscope. All H. annosum

isolates and all obvious basidiomycetes were transferred to 1.25% malt agar plates. Subse-

quent transfers were made until clean isolates were obtained. All clean isolates were then

transferred to Nobles agar slants, incubated for one to eight weeks, then stored at 40 C for

further study.
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Vegetative Compatibility Studies

All H. annosum isolates from each clearcut/uncut pair of stands (stands A and B; C and

D; and G and H) were paired in all combinations on 1% malt extract agar. Isolates were paired

using 5-mm-diameter (0.2 inches) plugs from actively growing cultures, placed 10 mm (0.4

inches) apart, hyphae down, following the procedures of Lewis and Hansen (1991). The

plugs were placed at the edge of the petri dish with only one pairing per plate, but all pairings

were replicated three times. Pairings were grown for 6 weeks and readings weretaken once

at 3 weeks and again at 6 weeks.

Pairings were scored compatible if there was no evidence of a reaction between the

colonies and if there was no difference in gross morphology. Pairings were scored incompati-

ble if any line of reaction was evident and/or the gross morphology was different for each

colony. Notes were taken on the degree of interaction and on any color or morphology

changes.

Isozyme Analysis

Isozyme patterns for all isolates from stands A, B, C, and D and a subsample of isolates

from stands G and H were determined by starch gel electrophoresis. The isolates not run on

gels were: G6, G8, Gil, G14, Gi5, Gi6, H2, and H4. Mycelium was grown, extracted, and

prepared for electrophoresis following the procedures of Otrosina and others (1989). Two

known S and P isolates from W.J. Otrosina's culture collection (USDA Forest Service, Pacific

Southwest Research Station, Berkeley, California) were included in the isozyme analysis for

comparison.

Horizontal starch gel slabs were prepared the day prior to electrophoresis following

the procedures of Conkle and others (1982) and Micales and others (1986). Four gel buffer

systems were used, labeled A, B, D, and E. These four gels were: Tris-citrate (pH 8.3);

Tris-borate (pH 8.8); and morpholine citrate (pH 6.1 and 8.1), respectively.

Wicks made from 3 mm x 10 mm (0.1 x 0.4 inches) strips of Whatman's 3MM chro-

matography paper were dipped in the mycelial extracts and loaded onto each gel and gels
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were placed in a refrigerator at 4°C. Ice bags were placed on top of the gels to ensure uniform

cooling (Conkle et al., 1982; Otrosina et aI., 1989; Micales et al., 1986). Electrical currents

were then run through the gels, keeping the amperages constant until a maximum of 320 V

was reached. The amperages were kept at 75 mA, 70 mA, 60 mA, and 60 mA for A, B, D, and

E gel buffer systems, respectively. Electrophoresis was run initially for 15 minutes to allow the

proteins to migrate out of the wicks (Micales et al., 1986). Wicks then were removed and the

gels again were hooked up to the electrical current. Electrophoresis was terminated after 4

to 5 hours or after the buffer fronts had migrated 8 cm (3.1 inches) (Otrosina et al., 1992).

The gels were sliced, stained and screened for 18 enzyme systems following recipes

and procedures of Conkle and others (1982). Seven enzyme systems were chosen for

analysis (Table 3). MDH-E and GOT-B appeared to distinguish between the intersterility

groups, and all isolates run on the gels were analyzed on these systems. ACO-E, ADH-E,

AEST-A, IDH-E, and LAP-A had clear, readable bands and/or displayed variation between

isolates, so were used to analyze for differences between multiple isolate vc groups previous-

ly identified by plate pairings. If all isozyme banding patterns from these five enzyme systems

were the same within a multiple isolate vc group, then that group was assumed to be a clone.

Incidence

Incidence of H. annosum was based on isolation information. Notes on symptoms

were not sufficient to calculate incidence. The sample population for each GST class was

calculated by expansion of the basic stand data from the 1/1 25th-hectare (1 /50th-acre) plot

to 1/5Oth-hectare (1/20th-acre). Several times, there were GST classes present on the

1 /5Oth-hectare (1 /20th-acre) intensively sampled plot which were not represented on the

1/1 25th-hectare (1 /50th-acre) plot. For these GST classes, an average trees per hectare (tph)

between the tph on the 1/125th-hectare (1/50th-acre) plot and the calculated tph from the

1 /5Oth-hectare (1 /20th-acre) plot was used. Weighted average frequencies of H. annosum

then were calculated based on the probability of selecting a plot and the probability of

selecting an individual tree.
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Table 3.--Complete list of enzymes used in isozyme analysis of H. annosum isolated
from the Nez Perce National Forest, Idaho.

* These enzyme systems were used in the analysis for intersterility group(s) and
clonal groups.

32

Enzyme System Abbreviation
Gel buffer

system

Aconitase
* Aconitase
* Alcohol dehydrogenase
* Alpha esterase

Catalase
* Glutamate oxaloacetate transaminase

Glucose-6-phosphate dehydrogenase
Glucose-6-phosphate dehydrogenase
Isocitrate dehydrogenase

* Isocitrate dehydrogenase
* Leucine aminopeptidase

Malate dehydrogenase
* Malate dehydrogenase

Menadione reductase
6-phosphogluconate dehydrogenase
6-phosphogluconate dehydrogenase
Phosphoglucose isomerase
Sorbitol dehydrogenase

AGO
AGO
ADH

AEST
CAT
GOT

G6PDH
G6PDH

IDH
IDH
LAP
MDH
MDH
MNR
6PGD
6PGD

PGI
SrDH

A
E
E
A
B
B
B
E
D

E
A
D
E
A
D

E
A
B



Stand incidence based on frequency of H. annosum by plot within each root disease

stratum was calculated for all six stands. Stand incidence based on frequency of H. annosum

by isolation samples was calculated for stands A, B, C and D only. Complete stand data was

not collected in stands G and H, so the sample populations for GST classes were not

determined, nor was the frequency of H. annosum by isolation sample.

Chi-square test of independence was used to analyze for differences in the weighted

average frequencies of H. annosum between stands, tree species, and tree and stump size

classes.

33



RESULTS AND DISCUSSION

Isolate Collection

A total of 53 H. annosum isolates were collected from the six stands (Table 4).

Twenty-three isolates were collected from Douglas-fir, twenty-three from grand fir, four from

Engelmann spruce (Picea engelmannii Parry), two from western larch, and one from pon-

derosa pine.

H. annosum was isolated from stump decay, conks, root decay and stain, and from

decayed and stained drill chips. Decay in the stumps was very typical for H. annosum; it

formed a white pocket rot, which often progressed to a laminated and sometimes stringy

advanced decay. Hard pits were infrequent but were associated with the decay in a few

stumps. The decay was limited to the sapwood area of Douglas-fir stumps, and if conks were

present, they were usually located in the sapwood very close to the bark/wood interface.

Grand fir stumps were infrequently hollow in the center, and were more often decayed

throughout the stump with conks buried within the decay. A few grand fir stumps were hollow

in the center and had H. annosum conks associated with the decay. This would indicate that

H. annosum was present before these trees were felled (Slaughter et al., 1991; Filip et al.,

1992)

Perenniporia subacida ((Pk.) Donk) was a common fungus in stumps and appeared

to be coming up from the roots. It was very common to find H. annosum decay in the upper

portion of the stump and P. subacida in the lower portion of the stump.

Cutting stumps to ground level to collect samples worked well, but H. annosum did not

grow out of a number of symptomatic stained and decayed wood samples. This may have

been due to dessication of the stump (Filip et al., 1992). The sawyer was sometimes unable

to saw close to ground level and collections were taken slightly above ground level. It is

possible that H. annosum was only viable at ground level or below (Filip et al., 1992).

H. annosum from roots often was isolated from a central column of decay or stain. The

stain and decay ranged in color from a mocha brown to a reddish brown, and often were
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Table 4.--Complete list of H. annosum isolates and multiple isolate vegetative compatibility (vc)

groups from three pairs of grand fir stands1 on the Nez Perce National Forest, Idaho.

1 Paired stands consist of one clearcut stand and one uncut stand; A is paired with B; C is paired with D; and G is paired

with H.
2 Isolations were made from several sources which are as follows: sporophore/stump-isolations made from H. annosum

fruiting bodies found in cut stumps; roots-isolations made from symptomatic wood in excavated roots from trees;
drilled chips-isolations made from symptomatic drill chips from trees; stem wood/stump-isolations made from
symptomatic stem wood from cut stumps; increment core-isolations made from increment cores collected at breast
height during stand data collection; roots/stump-isolations made from symptomatic wood from the excavated root
of a cut stump; sporophore/tree-isolations made from H. annosum fruiting bodies collected from a broken snag.

* These isolates represent unique individuals which are vegetatively incompatible with all other isolates on this list.
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Isolate No. Stand and Plot Sourc& Host VC Group

Al
A2
A3
A4
A5
A6
A7
A8
AlO
All
Al2
A13
A14
Al 5

Bi
B3
B4
B6
B7
B8
BlO

Cl
C2
C3
C4
C5
C6
07
C8

D5
D6
D7
D8

G1
G2
G3
G4
G5
G6
G7
G8
G9

GlO
Gil
G12
G13
G14
G15
G16

Hi
H2
H3
H4

CLEARCUT A
Plot 22
Plot 27
Plot 28
Plot 28
Plot 28
Plot 28
Plot 28
Plot 28
Plot 34
Plot 34
Plot 34
Plot 36
Plot 41
Plot 41

UNCUT B
Plot 1
Plot 4
Plot 11
Plot 20
Plot 21
Plot 22
Plot 22

CLEARCUT C
Plot 5
Plot 6
Plot 6
Plot 6
Plot 12
Plot 12
Plot 12
Plot 14

UNCUT D
Plot 17
Plot 17
Plot 17
Plot 17

CLEARCUT G
Plot 8
Plot 8
Plot 8
P ot 11
P ot 11
P ot 11
P ot 11
Pot 13
P ot 18
Pot 18
P ot 18
Pot 19
Pot 19
Pot 19
Pot2O
Pot 20

UNCUT H
Plot 8
Plot 10
Plot 11
Plot 12

Sporophore/Stump
Roots
Drilled chips
Drilled chips
Sporophore/Stump
Roots
Roots
Roots
Stem wood/Stump
Stem wood/Stump
Sporophore/Stump
Sporophore/Stump
Sporophore/Stump
Drilled chips

Increment core
Increment core
Increment core
Increment core
Increment core
Drilled chips
Drilled chips

Roots/Stump
Stem wood/Stump
Stem wood/Stump
Sporophore/Stump
Stem wood/Stump
Sporophore/Stump
Sporophore/Stump
Sporophore/Stump

Sporophore/Tree
Sporophore/Tree
Drilled chips
Drilled chips

Roots
Roots
Stem wood/Stump
Roots
Drilled chips
Drilled chips
Stem wood/Stump
Drilled chips
Stem wood/Stump
Stem wood/Stump
Stem wood/Stump
Roots
Stem wood/Stump
Roots
Roots
Roots

Drilled chips
Drilled chips
Drilled chips
Drilled chips

Engelmann spruce
Grand fir
Douglas-fir
Douglas-fir
Grand fir
Douglas-fir
Douglas-fir
Douglas-fir
Douglas-fir
Douglas-fir
Douglas-fir
Ponderosa pine
Grand fir
Douglas-fir

Grand fir
Grand fir
Grand fir
Grand fir
Grand fir
Grand fir
Douglas-fir

Douglas-fir
Grand fir
Grand fir
Grand fir
Grand fir
Grand fir
Grand fir
Grand fir

Grand fir
Grand fir
Douglas-fir
Douglas-fir

Engelmann spruce
Douglas-fir
Grand fir
Douglas-fir
Douglas-fir
Douglas-fir
Western larch
Douglas-fir
Western larch
Douglas-fir
Douglas-fir
Engelmann spruce
Grand fir
Grand fir
Douglas-fir
Douglas-fir

Grand fir
Grand fir
Douglas-fir
Engelmann spruce

*
I

II

II

III
*
*
Ill
I
*
*
*
*
IV

*
*
*
*
IV
*
*

*
*
*
*
*
*
*
*

V
V
V
V

VI
*
*
*

VII
VII
*

VI
*
*
*
*
*
*

VIII
VIII

*
VI*
VI



found in streaks up the center of the roots. Resinous lesions were very common, and the

associated stained wood under the lesion sometimes yielded H. annosum isolates. Rhi-

zomorphs often were found in association with the lesions. Root collections often revealed

the presence of other fungi, such as Armillaria sp., Phaeolus schweinitzii, and Perenniporia

subacida. Armillaria sp. and H. annosum commonly were isolated from the same root.

Ectotrophic mycelia of H. annosum and P. subacida were common on many roots.

H. annosum grew out of stained chips that were similar in color to the decay and stain

in root samples. It sometimes also grew out of asymptomatic drill chips, but this was unusual.

Incubation of asymptomatic drill chips on moist filter paper resulted in nine H. annosum

isolates from stands A, B, C and D. These isolates had very unusual vc reactions, most

exhibited very slow, atypical growth, and some lacked clamp connections. Aerial spore

contaminations during sample handling were suspected (Schmitt, 1978), so these isolates

were eliminated from the results of this study and are not included in the list of H. annosum

isolates (Table 4). Isolates from chips exhibiting stain or decay that were plated onto selective

medium and those from other cultured samples all exhibited typical behavior and morphol-

ogy of heterokaryons. These 53 isolates were assumed to be fromestablished colonies in the

sampled trees and stumps, rather than mycelia from spores which contaminated samples

during handling.

Lateral decay columns may have been missed by collecting drill chips from the base

of trees. Stenlid and Wasterlund (1986) indicate that collecting increment cores at stump

height reveals a higher proportion of the actual decay present in a tree than collecting cores

at dbh. But collecting cores at stump height results in a higher frequency of missing lateral

decay columns. This may have occurred, and thus limited the number of H. annosum samples

isolated from trees 12.7 cm (5 inches) dbh or larger.

The selective medium used for isolations (Kuhlman and Hendrix, 1962) slowed the

growth of other basidiomycetes and fungi imperfecti, so H. annosum could easily be trans-

ferred before it was overgrown. There is a chance that other basidiomycetes were not able
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to grow on this medium and thus were not isolated. A very small trial was done to see if

Phellinus weirli (Murr.) Gilb. would grow on the medium, and it did not grow at all. So, P. weirii

apparently was excluded from the isolate collections. The collection of other basidiomycetes

was not a direct objective of this study, so this was not considered a problem.

Because the medium was not very selective, over 100 non-H. annosum basidiomycete

isolates were also collected. Armillaria sp., Phaeolus schweinitzii, and Perenniporia subacida

have been identified. Confirmation of these identifications will be completed in future work.

Veqetative Compatibility Studies

Vegetatively incompatible reactions varied, and included: very narrow, clear zones of

inhibition; wide zones of sparse mycelial growth; and no definite zone of inhibition, but

colonies differed morphologically. Generally, the reactions were very easy to score, but a few

pairings were inconclusive. Eighteen of these inconclusive pairings were repeated. In these

repetitions, the mycelium plugs were placed 10 mm (0.4 inches) apart in the center of the

plate, and each pairing was replicated three times. Eight pairings previously judged to be

compatible were judged incompatible on repairing. All other pairings resulted in the same vc

reaction as the first pairings.

Stenlid (1985) and Hansen (unpublished) discovered that sibling isolates of H. anno-

sum generally produce a much wider zone of inhibition, but the zone is usually more diffuse

than the zone between unrelated isolates. Because the isolates for each pair of stands in this

study were collected within a relatively small area, there is a good chance that a number of

them were closely related. This may help explain the number of inconclusive pairings that

appeared compatible in one pairing and incompatible in a second pairing.

Hansen (unpublished) discovered compatible pairings that were not clones, but obvi-

ously shared the same genes that code for compatibility. He discovered that H. annosum has

at least 3 or 4 loci for compatibility, with multiple alleles very likely associated with each locus.

If two isolates were compatible but not the same individual, it seems that they would be

closely related. Hansen (unpublished) states, 'the more closely related isolates are, the
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greater the frequency of fully compatible reactions. It is important to note that vegetative

compatibility does not infer that two individuals are genetically identical, only that they share

the same genes at the vegetative compatibility foci (Hansen, 1979; Lewis and Hansen, 1991;

Smith, et al., 1992)

Forty-one vegetative compatibility groups were identified with this plate pairing

method. Thirty-three were unique, represented by single isolates (Table 4). This uniqueness

implies that each of these isolates originated from a separate spore infection.

These thirty-three unique isolates included multiple H. annosum individuals from each

of one tree and three stumps. The tree, a Douglas-fir, proved to have two individuals of H.

annosum in one root. These two isolates, A6 and A7, were initially assumed to be the same

individual and were transferred to the same plate where a zone of inhibition formed. At this

point, each 9ndividuar was transferred to a separate plate and then each was treated as a

separate isolate and used in the vc pairings. These two isolates were incompatible in the

pairings, and were also unique from each other in the isozyme profiles. The existence of two

H. annosum individuals in one root could be due to several factors, including spore contami-

nation while isolating, vegetative spread from different sources, or possible spore infection

through the soil. Lewis and Hansen (1991) suggest that spores of Inonotus tomentosus

(Fr. :Fr.) S. Tang, are responsible for infecting small roots of spruce and pine trees. The

evidence for H. annosum spores infecting roots in this study is very minimal, but this mecha-

nism has been suggested by other authors (Hodges, 1969; Rishbeth, 1951; Hendrix and

Kuhlman, 1964).

Vc plate pairings also revealed multiple H. annosum individuals in three stumps.

Isolates Al 0, Al 1, and Al 2 originated from the same Douglas-fir stump. Al 0 and Al 1 were

isolated from decay, and Al2 was isolated from a sporophore. Isolates CS and C6 originated

from the same grand fir stump. C5 was isolated from decay and C6 was isolated from a

sporophore. Isolates Gl 0 and Gl 1 were isolated from decay from the same grand fir Stump.
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The higher frequency of multiple individuals in stumps compared to trees suggests

spore infection of stump surfaces may have occurred. There is also the possibility that the

tree was infected with H. annosum before felling and then was subsequently infected with

spores after felling, so would have multiple infections. There is no way of knowing if H.

annosum was coming up from the roots as only one stump root was excavated from a

Douglas-fir stump in stand C. In this excavation, H. annosum was found growing deep in the

roots, but it was inconclusive if H. annosum was growing down the root from the stump

surface, or growing up from the root towards the stump surface. The lack of any vegetative

spread to the seedlings and saplings in stand C may infer that H. annosum was growing down

the root and not enough time had elapsed since harvesting for it to travel a sufficient distance

outward in the stump roots to infect the young trees. On the other hand, roots of the young

trees may not have grown enough to contact inoculum in stump roots.

The other eight vc groups identified by the plate pairing method consisted of multiple

isolates, with 20 of the collected H. annosum samples fitting into one of these vc groups (l-Vlll,

Table 4; Figure 2a, 2b, and 2c). Isolates from three of these vc groups came from each of

three trees. The two isolates comprising vc group II, A3 and A4, came from the base of one

Douglas-fir tree in stand A. The two isolates comprising vc group VII, G5 and G6, came from

the base of one Douglas-fir tree in stand G. The isolates making up vc group VIII, Gi 5 and

G16, were isolated from the same grand fir root in stand G.

Isolates comprising the other five vc groups came from at least two different trees or

stumps. Isolates making up vc group I were collected from the roots of a grand fir tree and

from symptomatic wood from a grand fir stump. These two collection sites were from two

different plots separated by approximately 136 meters (446 feet). Vc group Ill consisted of two

isolates, AS and A8, collected from the root of a Douglas-fir tree and from a sporophore from

a grand fir stump on the same plot. These two samples were separated by approximately 6.7

meters (22 feet). Vc group IV consisted of two isolates collected from two different plots, each

in a different stand. These two isolates, Al 5 and B7, were isolated from the base of a

39



Figure 2a, 2b, 2c.--Location of plots within paired stands on the Nez Perce National Forest,

Idaho. Solid circles denote plots where H. annosum was recovered; lightly shaded circles
denote plots where no H. annosum was recovered; and open circles denote plots where no
samples were collected.

Plots encircled by a solid bold line contain H. annosum isolates which proved to be vegeta-
tively compatible and also have similar isozyme banding patterns (i.e. proved to be clonal
groups). Plots encircled by a dotted line contain H. annosum isolates which proved to be
vegetatively compatible, but isozyme banding patterns proved to be different or are incom-
plete. Roman numerals represent multiple isolate vegetative compatibility (vc) groups as
determined by plate pairings.
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Douglas-fir tree and from breast height of a grand fir tree, which were separated by approxi-

mately 320 meters (1050 feet). Vc group V consisted of four isolates that were collected from

two trees. Isolates D5 and D6 were collected from sporophores from a grand fir snag. Isolates

D7 and D8 were collected from the base of a Douglas-fir tree only 5.6 meters (18.4 feet) away

from the grand fir snag. Vc group VI also consisted of four isolates, but from four separate

trees. Isolates Gi and G8 came from the roots of an Engelmann spruce tree and the base

of a Douglas-fir tree in stand G. Isolates H2 and H4 came from the base of a grand fir tree

and the base of an Engelmann spruce tree in stand H. The longest distance separating these

four isolates was approximately 480 meters (1575 feet).

The spatially large multiple isolate vc groups imply vegetative spread over long dis-

tances, or a high incidence of common alleles at the vegetative compatility loci. Further

analysis of these multiple isolate vc groups is discussed in the following section.

Isozyme Studies

Otrosina and others' work (1992) strongly supports the use of isozymes to identify the

S and P intersterility groups found in North America. Both S and P intersterility groups (lSGs)

are monomorphic at MDH1 (Otrosina et al., 1989; 1992). MDH2 is diagnostic for S and P ISGs,

with one allele associated with S, and another allele associated with P (Otrosina etaL, 1989;

1992).

Isozyme banding patterns from the MDH-E enzyme system were compared against

Otrosina and others' (1989; 1992) results in order to identify the intersterilitygroup(s) present.

All Idaho isolates run on the gels proved to be monomorphic at MDH1 and all had the same

allele at MDH2, which is associated with the North American S type. Banding patterns for

MDH2-E are shown for some of the isolates in Table 5.

There was some speculation that the P type could be causing the mortality in Douglas-

fir in Idaho because H. annosum in Douglas-fir has been associated with heart rot in British

Columbia (Wallis and Ginns, 1968; Morrison, 1979), and not mortality as seen in this area

(Byler and Hagle, 1985). For whatever reason, the S type is causing dramatic mortality in
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Douglas-fir in Idaho. It is possible the H. annosum in Idaho is a strain which is more

pathogenic on Douglas-fir than strains found elsewhere. Otrosina (personal communication)

indicated that there appeared to be different allele distributions in some loci for the Idaho

isolates comparedto his isolates from California and Oregon, although the amount of variabil-

ity is not known at this time. The possibility that H. annosum strains may be different in the

two areas needs further study.

The GOT-B enzyme system is one example of apparent differences between Idaho

isolates and Oregon and California isolates. The GOT-B enzyme system showed one consis-

tent banding pattern for all Idaho isolates and the known S isolate, and a different pattern for

the known P isolate. Banding patterns for GOT-B are shown for some of the isolates in Table

5. These results differ from Otrosina and other's (1992) results. They found GOT-B to be one

of the most polymorphic enzyme systems they studied, having four alleles between the two

intersterility groups. It could have been just chance that the known S isolate used in this study

had the same banding pattern for GOT-B as all the multiple isolate vc groups from Idaho.

Vc pairings appeared to be limited in identifying identical genotypes in this study.

Compatible pairings only indicate that two isolates have the same genes for compatibility,

which does not necessarily mean they are the same genotype. Isozyme analysis, coupled

with vc pairings makes for a more complete comparison of isolates.

Four of the multiple isolate vc groups tested had identical banding patterns within each

vc group, so they were considered clones. These were groups I, II, Ill, and V (Table5). Isolates

from vc group IV had different banding patterns on the ACO-E, ADH-E, and AEST-A systems

(Table 5). Isozyme information was available for only two of the four isolates from vc group

VI. These two isolates, Gi and H4, had different banding patterns on the ADH-E, AEST-A, and

IDH-E systems (Table 5). Isozyme information was incomplete for group VII and none of the

isolates from vc group VIII were run, so no comparisons could be made in these two vc

groups.
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Table 5. --Isozyme electrophoretic patterns for H. annosum isolates from seven different
multiple isolate vegetative compatibility (vc) groups for seven enzyme systems.

I Roman Numerals represent distinct vc groups based on plate pairings.

2 Complete names of enzyme systems can be found in Table 2.

Lower case letters represent distinct isozyme banding patterns within each enzyme system.

Upper case letters with numbers represent individual isolates. Complete isolate list can be found in Table 3.

Knowns refer to known S and P isolates from Otrosina's Oregon and California H. annosum collection.
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VC Group Ii II UI IV - V VI VII Knowns5

Enzyme Sys-
tem

ACO-E2
a3
b
c
d
e

ADH-E
a
b
c
d
e

Alpha Est-A
a
b
c
d
e
f

GOT-B
a
b

IDH-E
a
b
c
d
e
f

LAP-A
a
b
c

MDH2-E
a
b
c

AlO, A2

AlO, A2

AlO,A2

Al 0, A2

AlO, A2

AlO, A2

AlO, A2

A3, A4

A3, A4

A3,A4

A3, A4

A3,A4

A3, A4

A3, A4

A5, A8

A5, A8

A5,A8

A5, AS

A5, AS

A5, AS

A5, AS

B74

Al5

Al5

B7

Al5
B7

Al 5, B7

A15, B7

A15, B7

A15, B7

D5,D7

D5, D7

D5,D7

D5, D7

D5,D7

D5, 07

D5, 07

Gi, H4

GI

H4

Gi
H4
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The two isolates that comprise vc group I (A2 and Al 0), had identical banding pat-

terns, and were collected some distance apart; they were separated by 136 meters (446 feet)

(Figure 2a). This H. annosum individual may have covered an extensive area in the old stand

prior to harvesting and the regeneration trees were infected by vegetative spread from old

infected stumps. Alternatively, the two isolates may be distinct but closely related, with similar

genes for vegetative compatibility and for the isozymes used in this analysis.

Vc group II, which appears to be a clone, consisted of two isolates from the base of

one tree. This is in agreement with other studies which indicate that multiple individuals are

not usually isolated from the bole of a living tree (Stenlid 1985). It may be that multiple

individuals must compete with each other and only one individual usually survives.

Two of the clones, vc group Ill and V, were found within a small enough area that

root-to-root spread is very likely. The two isolates from vc group Ill (A5 and A8), were collected

approximately 6.7 meters (22 feet) apart and were located on the same plot as vc group II

(Figure 2a). The four isolates that make up vc group V (D5, D6, D7 and D8), came from two

different trees that are approximately 5.6 meters apart (18 feet) (Figure 2b). The proximity of

the two trees makes it very likely that vegetative spread from one tree to the other occurred.

Excavations would be useful to verify that vegetative spread is indeed occurring on these

sites.

Isozyme information was incomplete for vc groups VI, VII and VIII. Two of the four

isolates from vc group VI were run on the starch gels. These two isolates, Gl and H4, proved

to have different isozyme banding patterns. These isolates are separated by approximately

34 meters (112 feet) on the ground (Figure 2c). The other two isolates from vc group VI, Hl

and H4, are separated by approximately 102 meters (335 feet) (Figure 2c).

The two isolates from vc group VII (G5 and G6), came from the base of the same tree

and are likely the same individual, though only one of the isolates, G5, was run on the gels.

The two isolates from vc group VIII, Gi 5 and Gl 6, came from the same Douglas-fir root and

are likely also the same individual, but neither isolate was run on the gels.
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The overall results from the vegetative compatibility plate pairings and the isozyme

analysis reveal a high degree of individuality among the isolates. Sixty-two percent of all H.

annosum isolates were vegetatively incompatible in all pairings. Another eight percent of the

isolates (Al 5, B7, Gl, and H4) appear to be unique individuals based on their isozyme

patterns. Thus, 70% of the collected isolates appear to be genetically unique individuals. This

individuality implies a big role for spore-initiated colonies in these stands.

Incidence

Plot frequencies and sample frequencies of H. annosum for each stand are presented

in Tables 6-12. There is a great deal of variation in frequencies between stands, which may

be due to natural variation in the distribution of the disease, or it may be due to various other

factors discussed below.

Stand A, B, C, and D were analyzed for differences in frequency of H. annosum within

the clearcut stands and within the uncut stands (Table 6). Clearcut stand C had a significantly

higher isolation sample frequency of H. annosum than clearcut stand A (p= .005) when all tree

and stump samples were compared (C=15.9%; A=3.5%), and also when just the stumps

were compared (p=.05) (C=24.4%; A=8.2%). Stand A had a slightly higher frequency of H.

annosum in the sampled trees (2.4%) than stand C (0%), but it was not significant at p=.l0.

The plot frequencies of H. annosum in stand A (34%) and stand C (45%) were not significantly

different at the p=.1O (Table 7).

The higher sample frequency of H. annosum in stand C could have been due to the

age of the stumps, and the number of stumps sampled. Clearcut stand C was harvested in

1973, while clearcut stand A was harvested in 1964 (Table 1). Nine years may have made a

difference in the viability of H. annosum in the stumps. Samples were collected from stumps

at ground level, but the stumps may have dried out enough in stand A that H. annosum was

not viable even at this point. Also, there were relatively few seedlings and saplings in stand

C, so in order to fulfill the minimum six GST samples from each plot, more stumps were

intensively sampled than in Stand A. This may account for the higher frequency of H.
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Table 6.--Sample frequency of Heterobasidion annosum based on isola-
tion results for clearcut and uncut stands.

1 Percent positive refers to a weighted average of sample trees and
stumps resulting in a H. annosum isolate.

2 population refers to the total number of samples possible.
3 stumps were considered in the calculation of percent positive.
4 stumps and trees were considered in the calculation of percent

positive.
5Only trees were considered in the calculation of percent positive.
6 trees were considered in the calculation of percent positive.

Percent positive values followed by the same letter are not
significantly different (p=.05) according to Chi-square test of
independence.

8 Overall % positive values followed by a different letter are
significantly different (p= .005) according to Chi-square test of
independence.
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Stand %
Positive1

Sample
Population2

Overall
% Positive

Clearcut
(stumps)3

A

C

8.2a

24.4b

37.5

78.75

19.1a8

Clearcut
(stumps
& trees)4

A

C

3.5a

l5.9b

281.5

183.25

8.4

Clearcut
(trees)5

A

C

2.4a

Oa

244

104.5

l.7b

Uncut
(trees)6

B

D

4.9a

l.lb

276.5

719.25

2.6b



Table 7.--Plot frequency of Heterobasidion annosum as determined
by visual estimation and isolation results.

1 Visual rating includes the percentage of all plots within each stand
in root disease rating 1 (conks and/or decay present) and 2 (dead
and/or symptomatic trees present).

2 Percent positive refers to an average of plots within each stand
resulting in at least one H. annosum isolate.

3 within stands followed by the same letter are not
significantly different (p=.1O) according to Chi-square test of
independence.
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Stand Visual1
Rating %

%
Positive2

Total #
of Plots

A 47a 34a 50

B 36a 35a 25

C 71a 45a 17

D 45a Sb 18

G 87a SOb 15

H lOOa 44b 20

Overall
% 59 36



annosum when all the samples were collected, as the samples from stand C may have been

skewed toward stumps.

Uncut stand B had a significantly higher frequency of H. annosum than uncut stand

D when all samples were compared (B=4.9%; D=1.7%; p=.005), and when the plot fre-

quency was compared (B=35%; D=7.8%; p=.05; Tables 6 and 7). This difference in fre-

quency of H. annosum between stands B and D may be just an indication of the variability

of the incidence of the disease in these areas. But, there are several factors that may account

for the variation in frequencies. Differences in stand composition could have attributed to this

difference, as well as the difference in habitat type. Stand B has a lower percent component

of Douglas-fir (25%) than stand D (42%). Stand B is also in theAbies grandis/Clintonia uniflora

habitat type, while stand D is in the Abies grandis/Asarum caudatum habitat type (Table 1).

These two differences may acccount for the difference in frequencies of H. annosum.

These two stands are also in areas that differ in their history of logging. Stand D is in

an area only recently opened up for harvesting. The road for the timber sale which stand D

is adjacent to was built in the 1970's (J. Denham, Timber Scaler, Nez Perce National Forest,

personal communication). The road into the area where stand B is located was built before

1957, which is the year of the first recorded timber harvest in the area. There was also a mill

located on this road about 8 km (5 miles) from stand D that was operating before WWll (B.

Tomlinson, Resource Officer, Nez Perce National Forest, personal communication). So,

unrecorded harvesting may have occurred in the area prior to 1957. This temporal difference

in harvesting activity around stands B and D may account for the higher frequency of H.

annosum in stand B.

Clearcut stands were compared to uncut stands in order to determine if clearcutting

had any effect on the frequency of H. annosum (Table 6). The frequency of H. annosum in

stumps in the clearcuts (19.1%) was significantly higher than the frequency of H. annosum

in trees in the uncut stands (2.6%) (p=.005; Table 6). The frequency is also higher when all

samples in the clearcuts (stumps and trees; 8.4%) were compared against the trees in the
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uncut stands (p=.005). This difference in frequency of H. annosum between clearcut and

uncut stands was expected. H. annosum is known to increase with harvesting; the fresh cut

stumps provide new infection courts (Schmitt et aI., 1984; Schmitt et al., 1991; Goheen and

Goheen, 1989).

There was no significant difference in the frequency of H. annosum when the sampled

trees in the clearcut stands (1.7%) were compared against the sampled trees in the uncut

stands (2.6%; p=.1O). It may be that the increase in frequency of H. annosum in stumps does

not necessarily translate into an increase in the frequency of H. annosum in the seedlings and

saplings. On the other hand, although there is no significant difference at this point in time,

it is possible the frequency of H. annosum in the trees in the clearcut stands will continue to

increase; especially in light of the young age of clearcut stand C. No trees were infected in

stand C at the time of sampling, but this could change as the trees continue to grow and come

in contact with infected stump roots.

Differences in frequencies of H. annosum among tree species would help in deciding

which trees to favor in areas infected with H. annosum. In stands A, B, C, and D, H. annosum

isolations were obtained from Douglas-fir and grand fir only. H. annosum isolations from

Engelmann spruce trees and western larch stumps were obtained from stands G and H, but

the results from these two stands could not be used in this analysis. When the frequency of

H. annosum in Douglas-fir (5%) and grand fir (1.8%) trees from stands A, B, C, and D were

compared, the frequency was significantly higher in Douglas-fir (p=.005; Table 8). The

relatively large population of seedlings and saplings in the grand fir population could have

skewed the results, making the weighted average frequency in grand fir seem relatively lower

than Douglas-fir. When only trees 12.7 cm (5 inches) dbh and larger were compared, there

was no significant difference in frequency of H. annosum between Douglas-fir (39.4%) and

grand fir (37.5%) (p=.1O; Table 9). The large number of uninfected seedlings and saplings

had obviously greatly influenced the original calculations of the weighted average frequen-

cies.
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Table 8.--Sample frequency of Heterobasidion annosum based on isolation results for each species of tree sampled.

1 Percent positive refers to a weighted average of sample trees resulting in a H. annosum isolate.
2 Sample population refers to the total number of samples possible for each species of tree.

Species codes are as follows: DF= Douglas4ir; GF= grand fir; ES= Engelmann spruce; WL= western larch; LP= lodgepole pine; PP= ponderosa pine; AF= subalpine fir.
4 % values followed by a different letter are significantly different (p=.005) according to Chi-square test of independence.

Values with no letters were not tested.

Stand A B C D

Species
(trees)

%
Positivel

Sample
Population2

%
Positive

Sample
Population

%
Positive

Sample
Population

% Sample
Positive Population

Overall
% Positive

DF3 4.7 81 10.7 44.75 0 22.75 4 128.25

GF 1.8 19.75 4.9 173.5 0 10.25 0.8 546.25 1 .8b

ES 0 123 0 48 0 22.75 0 33.75 0

WL 0 4.25 0 0 0 0 0 0 0

LP 0 16 0 2.5 0 36 0 1.75 0

PP 0 0 0 25 0 12.75 0 0 0

AF 0 0 0 5.25 0 0 0 9.25 0

All
Species 2.4 4.9 0 1.7



Table 9.--Sample frequency of Heterobasidion annosum based on isola-
tion results for Douglas-fir and grand fir trees 12.7 cm (5 inches) or greater
in diameter at breast height (dbh).

1 Percent positive refers to a weighted average of sample trees resulting
in a H. annosum isolate.

2 population refers to the total number of samples possible for
each species.

3 % positive values followed by the same letter are not
significantly different (p=.1O) according to Chi-square test of
independence.
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Douglas-fir Grand fir

Stand % Sample
Positive1 Population2

% Sample
Positive Population

A 15.3 16 0 1.75

B 10.7 26.25 8.7 85.5

C 0 0 0 3.5

D 51.9 91.25 58.8 124.5

Overall
% Positive 39.4a 37.5a



The results from this analysis reveal that Douglas-fir and grand fir have very similar

infection incidence rates and probably indicate similar susceptibility to infection by H. anno-

sum. This is very different from what has been found in Oregon, where grand fir is considered

the most suseptible species and Douglas-fir is rarely infected by H. annosum (Filip et al., 1992;

Schmitt et at., 1984; Schmitt et al., 1991; Goheen and Goheen, 1989).

Based on observations, it appears H. annosum has a more serious effect on Douglas-

fir than it does on grand fir. Douglas-fir is often killed, either directly by annosus root disease,

or in combination with bark beetles (Byler, 1989). Growth reductions and butt decay are more

often observed in grand fir infected with annosus root disease rather than direct mortality.

Understanding the influence of stump size in relation to frequency of H. annosum

infection would assist in making decisions regarding stump treatment. It may be that only

larger stumps provide the inoculum to develop new foci, so only the larger stumps would

need to be treated at the time of harvest. A significant increase in frequency of H. annosum

with increasing size for both trees and stumps was expected. A larger tree has a larger root

system, and thus a greater chance of contacting inoculum. A larger stump has a larger

surface area which increases the chance for the interception of aerial spores (Morrison,

1989), and may also increase the chances for spore survival. Larger stumps are less likely

to dry out and become uninhabitable to H. annosum.

All sampled trees were categorized by three dbh size classes (Table 10). There was

a significant increase in the frequency of H. annosum from the 0 to 12.6 cm (0 to 4.9 inch)

dbh size class (0.4%) to the 12.7 to 38.0 cm (5 to 14.9 inch) dbh size class (5.6%) (p=.005;

Table 10), but there was no significant difference between the 12.7 to 38.0 cm (5 to 14.9 inch)

dbh class and the 38.1 cm (15 inch) dbh or larger size class (2.1%) (p=.lO). The increase

in frequency from the 0 to 12.6 cm (0 to 4.9 inch) dbh size class to the 12.7 to 38.0 cm (5

to 14.9 inch) dbh size class follows the expected trend. But, this trend halts after trees are

38.1 cm (15 inches) dbh or larger. It may be that no significant increase in infection exists after

trees reach the 12.7 to 38.0 cm (5 to 14.9 inch) dbh size class, but it is possible the drill chip
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Table 1 0.--Sample frequency of Heterobasidion annosum based on isolation results for tree and stump size classes.

1 Tree size class is based on diameter at breast height (dbh); stump size class is based on stump diameter.
2 Percent positive refers to a weighted average of sample trees and stumps within each size class resulting in a H. annosum isolate.
3 population refers to the total number of samples possible in each size class.
4 % positive values between tree size classes followed by the same letter are not significantly different (p=.10)

according to Chi-square test of independence.
5 % positive values between stump size classes followed by the same letter are not significantly different (p=.10)

according to Chi-square test of independence.

Trees1
0-12.6 cm

(0-4.9')

Trees
12.7-38.0 cm

(5-14.9')

Trees
>=38.1 cm

(>= 15')

Stumps
12.7-38.0 cm

(5-14.9')

Stumps
>=38.1 cm

(>= 15")

Stand % Sample
Positive2 Population3

%
Positive

Sample
Population

%
Positive

Sample
Population

%
Positive

Sample
Population

%
Positive

Sample
Population

A

B

C

D

1.7 210.25

0 133.5

0 101

0 490

6.8

9.2

0

3.7

33.75

100.75

3.5

194.75

0

0

0

4.6

0

42.25

0

34.5

0

11.8

7.75

25.75

12.1

25.6

29.75
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Overall
% Positive 0.4a 5.6b 2.lb 9.1a 20.7a



technique used for collecting samples from trees 12.7 cm (5 inches) dbh or larger was not

very efficient at detecting H. annosum in trees 38.1 cm (15 inches) dbh or larger. Stenlid and

Wasterlund (1986) determined that a decay column of H. annosum of a given width is less

likely to be detected in a larger tree than a smaller tree when samples are collected from the

base of the tree. Collections in this study were made at the base of trees above major roots

to decrease the chance of missing decay columns coming up from lateral roots, but it was

not feasible to make collections from above every major root. Consequently, decay columns

may have been missed, especially in the larger trees.

All sampled stumps were categorized by two diameter size classes (Table 10). An

apparent increase in frequency of H. annosum is evident from the smaller size class (9.1%)

to the larger size class (20.7%), but this increase is not statistically significant at p=.10. It is

possible that the increase in frequency is real but not enough samples were taken to make

the difference statistically valid.

The plot frequencies of H. annosum based on visual ratings compared with the

weighted average plot frequency of H. annosum based on isolation results for each stand are

presented in Table 7. This was done in order to determine how proficient the rating system

was at detecting the presence of H. annosum on 1/SOth-hectare (1/20th-acre) plots. Overall,

the system was not very successful in predicting whether H. annosum would be isolated from

1 /5Oth-hectare (1 /20th-acre) plots.

There was no significant difference (p= .10) between the plot frequency of H. annosum

predicted by the visual ratings and the plot frequency determined by isolation results in

stands A, B and C. The plot frequency from the isolation results was significantly lower than

the plot frequency predicted by visual ratings in stands D (p=.025), G (p=.1O) and H

(p=.005).

Part of the reason the rating system used in this study accurately predicted the plot

frequency of H. annosum in only half of the stands was because other root disease organisms

produced symptoms included in the rating system. Stands D and H had the most obvious

57



Armillaria root disease symptoms of the six stands, which would help explain the discrepancy

in frequencies. Tree mortality on plots (rating 2) may have been due to Arm/I/aria sp. (or other

organisms) rather than H. annosum. The discrepancy in plot frequency in stand G may have

been an anomaly, as it was barely significant at p=.1 0, while the discrepancy in plot frequen-

cies for stands D and H were significant at p=.025 and p=.005, respectively.

All three root disease ratings (0, 1 and 2) were compared to determine if H. annosum

occurred more frequently on plots with rating of 1 or 2, than on plots with a rating of 0. There

was a significant difference in the frequency of 1/5Oth-hectare (1/20th-acre) plots infected

with H. annosum when all three root disease strata were compared (p=.005; Table 11). When

the 0 and 1 ratings and the 2 and 1 ratings were compared, there was a significant difference

in the frequency of H. annosum (p=.005 and p=.O25, respectively), with the frequency being

greater on the plots with a rating of 1 (H. annosum decay and/or conks present). A significant

difference was found between rating 0 and rating 2 (p=.005), with the frequency being higher

for plots with a rating of 2. Dead and symptomatic trees (rating 2) were not as reliable

indicators of H. annosum as the presence of H. annosum decay and conks (rating 1). This

is likely due to the fact that other organisms were also responsible for mortality and root

disease symptoms. The probability of a 1/5Oth-hectare (1 /20th-acre) plot being infected was

significantly higher on plots with a rating of 1. Plots with a rating of 2 had a higher frequency

of H. annosum than plots with a rating of 0, but the best predictor for plots with H. annosum

was the presence of H. annosum decay and conks (rating 1).

In the clearcuts, samples from plots with a rating of 1 resulted in significantly higher

frequencies of H. annosum (14.4%) than samples from plots with a rating of 0 (5.7%; p=.025)

or 2 (4.3%; p=.005) (Table 12). There was no significant difference in the sample frequency

of H. annosum from plots with a rating of 0 or 2 (p=.10). This again indicates that decay and

conks (rating 1) are the best indicators of H. annosum, and dead and symptomatic trees

(rating 2) are not reliable indicators. This is also the case when the results from the clearcut

and uncut stands were combined and analyzed (p=.1O).
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Table 11. --Plot frequency of Heterobasidion annosum based on isolation results within each root disease severity rating.

I Root disease rating classes are as follows: 0=no evidence of root disease on plot; 1 =H. annosum conks and/or decay
present on plot; 2=dead and/or symptomatic trees present on plot.

2 Percent positive refers to an average of plots within each root disease severity rating resulting in at least one
H. annosum isolate.

3

Rating 01 Rating 1 Rating 2

Stand % # of
Positive2 Plots

% # of
Positive Plots

% # of
Positive Plots

Overall
% Positive4

A 0 27 100 14 33 9 34

B 3316 50 7 0 2 35

C 33 5 50 12 0 0 45

D 010 0 1 20 7 8

G 50 2 50 10 100 3 60

H 0 0 50 2 4318 44

Overall
% Positive4 1 3a 64b 39



Table 1 2.-.-Sample frequency of Heterobasidion annosum based on isolation results within each root disease
severity rating for each clearcut and uncut stand.

1 Root disease ratings are as follows: 0=no evidence of root disease on plot; 1 =H. annosum conks and/or decay
present on plot; 2= dead and/or symptomatic trees present on plot.

2 Percent positive refers to a weighted average of sample trees and stumps within each root disease severity
rating resulting in a H. annosum isolate.

3 population refers to the total number of samples possible within each root disease severity rating.
Overall clearcut values followed by the same letter are not significantly different (p=.10) according to
Chi-square test of independence.
Overall uncut values followed by the same letter are not significantly different (p=.10) according to
Chi-square test of independence.

Rating 01 Rating 1 Rating 2

Stand % Sample
Positive2 Population3

% Sample
Positive Population

% Sample
Positive Population

Clearcut A 0 71.25 9.7 79.25 4.3 131

Clearcut C 12.3 60.75 17.4 122.5 0 0

Overall
Clearcut 5.7a 132 l4.4b 201.75 4.3a 131

Uncut B 4.8 71 6.7 134.25 0 71.25
Uncut D 0 287.75 0 67 4.4 364.5

Overall
Uncut 0.9a 358.75 4.5b 201.25 3.7b 435.75

All Stands 2.2 490.75 9.4 403 3.8 566.75



When the samples from the uncut stands were analyzed, there was no significant

difference in the frequency of H. annosum between samples from plots with a rating of 1

(4.5%) or rating of 2 (3.7%; p=.10; Table 12). Samples from plots with ratings of 1 and 2

resulted in significantly higher frequencies of H. annosum than samples from plots with a

rating of 0 (0.9%) (rating 1, p=.Ol; rating 2, p=.025). The rating system used in this study

appeared to be more effective in predicting the probability of finding H. annosum in uncut

stands than in clearcut stands. The sample frequency of H. annosum was significantly higher

in the 1 and 2 strata than in the 0 stratum. But, samples from plots with a rating of 2 did not

produce a higher frequency of H. annosum than samples from plots with a rating of 1.

A rating of 2 in this system indicated that dead or symptomatic trees were present on

the plot. The causal agent was assumed to be H. annosum. The results from this analysis

indicate this was a false assumption. The dead and dying trees were sometimes attributable

to H. annosum, but not always. There were other root pathogens present in the stands,

including: Armillaria sp., Perenniporia subacida, and Phaeolus schweinhtzii. These and possi-

bly other organisms were very likely responsible for a portion of the mortality and symptoms

originally attributed to H. annosum.
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CONCLUSIONS

Some definite conclusions can be made about H. annosum in these six stands on the

Nez Perce National Forest, Idaho.

Only the S type intersterility group of H. annosum appears to be present in these stands.

Vegetative compatibility plate pairings and isozyme analysis have revealed numerous

individuals scattered across all the stands. Spore infections are apparently the major means

of introduction of annosus root disease into both the uncut and clearcut stands. Vegetative

spread is secondary in importance.

The best predictor for locating 1 /5Oth-hectare (1 /20th-acre) plots occupied by H. annosum

is the presence of H. annosum decay and conks. Dead and symptomatic trees are not reliable

indicators of H. annosum.

Clearcutting stands in the grand fir habitat type series can significantly increase the

frequency of H. annosum.

Uncut stands in the grand fir habitat type series in this area are infected with H. annosum,

although at relatively low frequencies.

Douglas-fir and grand fir have very similar disease incidence rates and are likely very similar

in their susceptibility to infection by H. annosum in these stands.

H. annosum is not the only root disease present in these grand fir habitat type series stands

in central Idaho. It is often found in combination with other root pathogens including Armillaria

sp., P. schweinitzii, and P. subacida.
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CHAPTER 3: SUMMARY AND IMPLICATIONS FOR MANAGEMENT

Heterobasidion annosum ((Fr.) Bref.) is a natural component of Intermountain forests,

but the frequency of the disease it causes is increasing. This is likely due to fire prevention!

suppression and high-grade logging which have allowed for a tree species shift to Douglas-fir

and grand fir in the lntermountain forests (Arno, 1980; Schmidt, 1989). These two tree species

are very susceptible to annosus root disease and other root diseases. Timber harvest entries

have also provided stumps which act as entry points for H. annosum to infect previously

healthy stands. Fire prevention/suppression, high-grade logging and multiple timber harvest

entries have all worked in favor of annosus root disease and other root diseases.

Annosus root disease is causing significant decline and mortality in Douglas-fir on the

Clearwater, Flathead and Nez Perce National Forests of central Idaho and western Montana.

This is in contrast to other areas in the western United States where the disease has been

a minor problem in Douglas-fir. Understanding the ecology of H. annosum in these areas will

help in making management decisions where annosus root disease is present.

The results of this study indicate that the S type of H. annosum is causing disease in

both Douglas-fir and grand fir on the Nez Perce National Forest. Because only the S type was

found in the area, planting non-susceptible species, such as pines (ponderosa and lodge-

pole) is a control option. Favoring the removal of susceptible species, such as Douglas-fir,

grand fir, and Engelmann spruce during timber harvest entries would also be desirable.

Grand fir and Engelmann spruce appear to be somewhat tolerant, but they are nonetheless

affected by annosus root disease. H. annosum causes growth loss, butt decay and some-

times mortality in both species.

Both S and P intersterility groups are distributed throughout western North America

(Chase, 1989), so it is possible the P type may show up in stands with grand fir habitat types

on the Nez Perce National Forest sometime in the future. This could have dire consequences

due to the many ponderosa pine plantations that were put in place on grand fir habitat types
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in the 1960's (Bud Tomlinson, Resource Officer, Nez Perce National Forest, personal commu-

nication). Annosus root disease would then become a management consideration in future

ponderosa pine stands as well as fir stands in the area. The presence of the P type would

also effect the alternative species approach to managing stands infected with H. annosum.

If both S and P are present, then the selection of an alternative species becomes difficult.

Spread of annosus root disease in this area was found to be primarily due to spore

infection of cut stumps and live standing trees. Vegetative spread occurs, but is minor in

comparison to spore infections. There were several cases in this study where H. annosum

had spread a short distance (5 to 6 meters) from a grand fir stump to a Douglas-fir regenera-

tion tree in a clearcut stand and from a large, broken off grand fir snag to a neighboring

Douglas-fir tree in an uncut stand. Root to root spread is assumed to have occurred as the

isolates from these trees were vegetatively compatible and were also identical to one another

when their isozyme banding patterns were compared. There is also evidence that a large H.

annosum clone existed in one stand prior to harvesting. Two isolates of H. annosum, from a

Douglas-fir stump and a grand fir regeneration tree, separated by a distance of 136 meters

proved to be vegetatively compatible and had identical isozyme banding patterns, which

indicates the two isolates were from the same individual.

It is quite likely vegetative spread will increase with time as more tree roots contact

inoculum (Filip et al., 1992; Slaughter et al., 1991, Schmitt et al., 1984). How far the vegetative

spread will continue is not known. Mortality from H. annosum in central Idaho is most often

seen as scattered mortality. Patch mortality caused by H. annosum does occur, but is less

frequent then scattered individual tree mortality.

H. annosum was found in uncut stands at a frequency of 2.6%. Trees in the uncut

stands could have been infected through natural wounds, such as frost cracks; H. annosum

was isolated from behind frost cracks several times in one stand. There is also the possibility

of direct infection of the roots by soil borne spores. In this study, a root of one tree contained

two individuals of H. annosum. These two individuals could have resulted from contacts with
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two separately infected roots, or possibly from direct infection of the root by soil borne spores.

The evidence for spore infection of roots in this study is very minimal, but it has been

suggested before by other authors (Hodges, 1969; Rishbeth, 1951; Hendrix and Kuhiman,

1964).

Incidence of H. annosum is known to increase with repeated timber harvest entries into

stands. The frequency of H. annosum in stumps in the clearcut stands (19.1%) proved to be

significantly higher than the frequency of H. annosum in the trees in the uncut stands (2.6%).

The cut stumps provided new infection courts for spore infections. The effect of multiple

entries in this area is not known at this time, but other research in fir stands has indicated

large increases of H. annosum with multiple stand entries (Goheen and Goheen, 1989;

Schmitt et al., 1991). The same is likely to happen in this area it multiple stand entries are

practiced in grand fir habitat types.

Preventing spore infections of stumps and thus an increase in the frequency of H.

annosum in the harvested stand is one of the best control options available. This can be

accomplished by treating stump surfaces with chemicals or biological agents, which include:

high nitrogen compounds, such as urea, which stimulate the growth of competitive decay

fungi (Kliejunas, 1989); compounds such as borax (sodium tetraborate decahydrate) and

Timbor (disodium octaborate tetrahydrate), which appear to be toxic to H. annosum spores

(Weir, 1969; DeNitto, 1991); and inoculation with organisms such as Trichoderma sp.(Hunt

et al., 1971) and Phiebia gigantea (Rishbeth, 1963; 1979), which are serious competitors with

H. annosum. Other treatments, such as mycorrhizae, have been tested for feasibility and

effectiveness (Cervinkova, 1989) and may be treatment options in the future.

Treating stumps with borax works very well in preventing spore infections in pines and

is routinely used on several National Forests in California. Generally, only pine stumps greater

than 20.3 cm (8 inches) in diameter are treated with borax because H. annosum in smaller

stumps rarely infects neighboring trees (Kliejunas, 1989). In this study, the frequency of H.

annosum was greater in stumps 38.1 cm (15 inches) or larger in diameter (20.7%) than in
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stumps 12.7 to 38.0 cm (5 to 14.9 inches) in diameter (9.1%). This implies that stump

treatments may only be necessary in larger stumps, but this study produced no conclusive

evidence.

The effectiveness of borax in pine stands is partly due to the fact that P type spore

infections are much more limited to stump surfaces than S type spores (Otrosina and Cobb,

1989). S type spores appear to successfully germinate and colonize both stump surfaces and

fresh basal wounds (Schmitt et al., 1984; Otrosina and Cobb, 1989). Treating stumps with

borax does not effectively protect basal wounds on trees and stumps (DeNitto, 1991), so

entry courts for S type spores into newly harvested stands would be left unprotected.

Results and recommendations for using borax on fir stumps in the western United

States conflict. Smith (1970) found borax prevented infection of white fir stumps by H.

annosum in the central Sierra Nevada and southern Cascade Mountains. Borax did not

effectively protect true fir stumps from infection by H. annosum in another study; tree mortality

of the neighboring seedlings and saplings was not significantly reduced (Schultz et al., 1992).

Borax treatment of stumps is recommended in all sawlog-size true fir stands on the

Wallowa-Whitman National Forest, Oregon (Schmitt et al., 1991). Stump treatment with borax

has also been advised during any timber harvest entries in true fir stands on the Fremont and

Ochoco National Forests, Oregon (Schmitt et al., 1984). Both of these recommendations

stipulate use of borax in stands that have been previously unentered and will continue to be

managed for fir. Information is needed on the implications of not using borax in previously

entered fir stands and stands that are converted to a less susceptible species. Stump

treatments may prove to be futile in previously entered or naturally heavily infected stands.

The infection levels may be so high that preventing further infections may prove to be

inconsequential. Infected stands that are converted to less susceptible species and the

stumps are not treated may not incur any more mortality or damage from annosus root

disease. On the other hand, the disease may worsen without stump treatment, even in the

presence of less susceptible species.
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The frequencies of H. annosum in uncut stands in this study are low enough to

consider the option of treating stumps. Stump treatments may prevent any future increases

in the frequency of H. annosum after harvesting. Additionally, stump treatments may prevent

the introduction of the P type of H. annosum into this area, and could likely decrease the

genetic diversity of the fungal population. It seems the fewer individuals of H. annosum

present, the less genetic diversity would be present, and the less chance for the formation

of a new, and possibly more pathogenic strain of the fungus. Although benefits would likely

be derived from treating stumps in grand fir habitat types on the Nez Perce National Forest,

it should be tested before it is routinely recommended as a management option.

Incidence of H. annosum by tree species revealed no significant difference between

grand fir and Douglas-fir. The fact that there was no difference in the frequencies of H.

annosum in Douglas-fir and grand fir is very significant. Douglas-fir is rarely infected in stands

in Oregon, and grand fir is considered the most susceptible species (Filip at al., 1992; Schmitt

et al., 1984; Schmitt et al., 1991; Goheen and Goheen, 1989). On these three sites on the Nez

Perce National Forest, Douglas-fir and grand fir have very similar disease incidence rates and

are likely very similar in their susceptibility to infection by H. annosum.

Based on observation, it appears H. annosum has a more detrimental effect on

Douglas-fir than it does on grand fir. Douglas-fir is often killed, either directly by root disease,

or in combination with bark beetles (Byler, 1989). Grand fir often suffers growth reduction and

harbors extensive butt decay. When faced with leaving a grand fir tree or a Douglas-fir tree

in a stand infected with annosus root disease, it would be best to leave the grand fir and

remove the Douglas-fir. Replacement with less susceptible species such as pines would be

even more desirable.

H. annosum was never the only root pathogen in the stands sampled on the Nez Perce

National Forest. Armillaria sp. was present in all six stands. In some cases, it was even

isolated from the same root as H. annosum. Perenniporia subacida, another causal agent of

root disease, was a common fungus in stumps and appeared to be coming up from the roots.
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Root collections also revealed the presence of Phaeolus schweinitzii. These root pathogens

were likely responsible for a portion of the dead and symptomatic trees present in these

stands. Consequently, dead and symptomatic trees are not reliable indicators of H. annosum.

The best predictor for locating ground occupied by H. annosum is the presence of H.

annosum decay and conks.

The effect of other root pathogens on the growth and survival of H. annosum is not

known. It has been speculated that Armillaria sp. might limit the vegetative spread of H.

annosum (Filip et al., 1992), as Armillaria sp. often occupies the ends of roots and thus may

prevent H. annosum stump infections from progressing down into the roots and spreading

vegetatively.

In conclusion, the following recommendations for managing stands in the grand fir

habitat types infected with H. annosum are made:

When performing a selective harvest, leave less susceptible species, such as pines.

Favor the removal of Douglas-fir and grand fir. When planting infected areas, plant

less-susceptible species, especially around infected stumps. Mix species in the re-

mainder of the stand.

Minimize the number of entries into all stands in grand fir habitat types.

Avoid injuring residual trees. S type of H. annosum readily infects fresh basal

wounds.

When planning to harvest stands in grand fir habitat types in areas known to have

H. annosum, consider applying borax to the cut stumps on a trial basis, especially in

previously unentered stands.

In addition, I recommend the following as follow-up research subjects:

1) Locate stands in grand fir habitat types on the Nez Perce National Forest that have

had more than one entry. Determine if multiple entries are significantly increasing the

incidence of H. annosum.
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Perform a study on borax application to stumps in fir stands to determine if it will

decrease the incidence of H. annosum.

Study the isozymes of the S type of H. annosum from different geographic regions

in the United States to determine if there is a difference between populations. It is

possible the differences in susceptibility of Douglas-fir in different regions of the

western United States could be due to differences in H. annosum.

Identify the non-H. annosum isolates from this study and look for possible patterns

of interaction with H. annosum.

Follow harvested stands to determine whether there is a significant increase in

mortality resulting from the increase in stump infection.
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